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This individualized learning nodule on intermediate 
crs is one in a series of modules for a course in basic 
ity and electronics. The course is one of a number of 
^developed curriculum packages selected for adaptation to 
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Five lessons are included in the module; (H Hartley 
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a prcgrammed instruction section^ and a lesson summary* 
s checks and other supplementary material are provided for 
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OVERVIEW 

BASIC~^LEaRICITY /»ND ELECTRONICS 
MODULE 32 

Intermediate Oscillators 



In this module you will learn about several' different types of oscillators* You 
will learn how oscillator output frequencies are determined! maintained^ and how 
the oscillator circuit converts DC to AC. You will learn about regenerative 
feedback and how it is used to sustain oscillation! Also you will become famil- 
iar with the circuit configurations of the various types of oscillators and 
their special use* Besides Jeaming about oscillators which produce sinusoidal 
outputs, you will learn about oscillators which provide other output waveforms^ 



This niodule has been divided into five lessons; 

, Lesson 1 Hartley Oscillators 

Lesson 2 RC Phase Shift Oscillators 

Lesson.^ 3 iWien^Bridge Oscillators 

Lesson 4 Blocking Oscillators 

Lesson 5 Crystal Controlled Oscillators 
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OVERVIEM 
LESSON 1 

Hartley Oscillators 



In this Wesson you will learn about Hartley oscillators and their application in 
("Irctrnmcs equipment. You will learn to identify schematics for series and 
shunt-fed Hartley oscillators, and become familiar with operation of these 
circuits. You will learn to trace current flow in Hartley oscillator circuits 
and leam about possible applications for this type of signal source. 

The learning objectives of this lesson are as follows: 

TERMINAL OBJECTI VE(S) : 

32.1*56 When the student completes this lesson (s}he will be able to 
IDENTIFY the schematic diaararris, component functions, and 
operation-1 principles of series-fed and shunt-fed Hartley 
oscillator circuits, indudina the accomplishment of phase 
shift action, by selectina statements from a choice of four, 
lOOX accuracy is reouired, 

ENABLING OBJECTIVE(S) : 

When the student completes this lesson, (s}ho will Ijo abln tnr 

32,1-56*1 IDENTIFY the functions of an LC oscillator and its three sections 
by selecting the correct statement from a choice of four, TOO? 
accuracy is required, 

32*1*56.2 IDENTIFY the operating characteristics of Class A and Class C 
oscillator circuits by selecting the correct statement from a 
choice of four* 1005E accuracy is required, 

32*1*56.3 IDENTIFY the advantages of a Hartley oscillator b^ selecting the 
correct description of , its characteristics from a choice of four. 
100% accuracy is required. 

32*1*56*4 IDENTIFY the factors necessary to. accompl ish phase-shift action 
in a Hartley oscillator circuit by selecting the correct state- 
' ment from a choice of four. 100% accuracy is required* 

32.1.56.5 IDENTIFY the function of components and circuit operation of- 
series-fed and shunt-fed Hartley o?;cillaLor circuits, qiven ti 
schematic diagram, by selectincj the correct statenKnr from a 
choice of four, 100% accuracy is reqcljped* 

32*1*56*6 . IDENTIFY the schematic diagrams of series-fed and shunt-fed Hart- 
ley oscillators by selecting the correct name(s)' from a choice of 
four* 100% accuracy is required. 

32*1*56.7 MEASURE and COMPARE the output frequency of Hartley oscillator 

ci rcuits , given a training device , circuit boards* test equipment 
and proper tools, schematic diagrams, and a job program containing 
reference data for cocnparison. Recorded data must be within limits 
stated in the job program, 

BEFORE YOU START THIS LESSON, READ THE' LESSON LEARNING OBJECTIVES AND PREVIEW 
THE LIST OF STUDY RESOURClTS ON THE NEXT PAGE. 
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Hartley Oscmators 

This lesson explains the operatiun of the Hartley oscilliitor, a type of 
uscilldtor coiimionly usod in eluctroiiic equi laments. One diJidication fur 
this oscillator is providin9 frequency injection fur the mixer stage of 
a superheteroflyne radio receiver. Mhen the oscillator is used in tliis way 
it is called a local oscillator (LO). The Hartley circuit is also used 
to provide a variable frequency in radiu transmitters and signal yenerators. 



TTiere are two types of basic Hartley oscillators. . .series and shunt.. Both 
of these oscillators are discussed in subsequent paragraphs and comparable 
AC circuit schematics are provided. The luajor advantage of a Hartrey type 
oscillator is that it provides 9ood frequency stability over a wide 
range of frequencies and produces ajconstant amplitude sine wave oiitput. 



Recall that one of the requirements o)F any oscillator is the necessity for an 
in-phase reyener<;i.ive feedback voltage. In order to assure that the regenera- 
tive focdbdck is in phdsc with Lin? ini»nt of the dinplifying device, it ir. 
necessary to effect :Jt)() degree phdse s.hifl within Lhu oscilldLor circuiL. 
This is discussed in detail in subsequent paragraphs relating specif ically to 
the Hartley oscillator. 

Remember thn the function of an osciTlator is to produce a constant amplitude 
stable output stgnal.. Recall also that unless the feedback is regenerative, 
oscillations cannot be sustained, since the purpose of feedback is to compen- 
sate for internal power loss, it is obvious that when the feedback Is exactly, 
in phase, less feedback is necessary to overcome circuit losses. A difference 
of a few degrees in the phase of the feedback either way still enables the 
circuit to oscillate. The amplitude of the necessary feedback required to • 
sustain oscillation, of course, is much less when the feedback is exactly in 
phase. The schematic diagram shown in Figure 1 is tfie AC equivalent of a 
Hartley type oscillator. ' 
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To learn the material in this lesson* you have the opMon of choosinci* ticco^^ding ^ 
to your experience and preferences, any or all of the following study resources; 

Written Lesson presentation in: 

Module Booklet: 

Simmary y • ^ 

Programmed Instruction" ■ ^ , 

Narrative 

StAident's Guide: \ 
Summary 

Progress Cbedi. 

Job Program TSilrty Two-1, "Hartley Oscniators'* 
Additional Materlal(s): 



Enrichment Material (s) : 

Electronics InstaTUtion and Maintenance Book , EIMB, (Electronic Circuits} 
NAVSHIPS 0967-000-0120 



YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLLTDING THE LEARNING CENTER 
INSTRUCTOR: HOWEVER, ALL- MATERIALS LISTED ARE NOT NECESSARILY REQUIRED tO 



ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY. TIME. - 
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ostilldtiny. Study the Hartley schenatic shown in the Figure ^mi nnlico 
'^he prlr.ory of the transferrer Is aesignatet^ L^- mk\ :hv sivoiuiarv 
sectirjn of the transforrer is aesisndteo as L^^ Alinoiii^h those tfoi Is luvr j 
common point, mutual coupling still exists betv/een thei:;. Current which Dows 
through Lc induces a voltage across L5 and produces transformer couplin9 
cicfeU)n comparable to the transformer coupling action of the Armstrong circuit, 
Thi** t^ypf/ i;f coiipliny tjction is often referred to^as^^n *'autotransformer 

ReniembeV that the two major classifications of Hartljpy oscillators are series 
and shunt fed oscillators* Recall also that one of the characteristics of, 
all oscillators is that the amplifier section of'the oscillator must be 
^forward biajged in order to provide amplification* The schematic shown in 
Figure -3 is^that of a series-fed Hartley oscillator circuit* 

+ Vcc 



OUTPUT ^ 




Fiyure 3 
SERIES FED HARTLEY 03CILLAT0R 



Examine the schematic and notice that resistors Rl and R2 provide the forward 
bias, for Ql* Current flowing from ground to VCC places the forward bias 
of Ql at approximately D*6 volt positive* Renieniber that a forward bias is 
necessary in iprder for the transistor to conduct and oscillation to begin* 
Transistor Current then flows from ground through the tank coil L^* Ql, R3 
and then back'to VCC* This creates a magnetic field around coil L^ which 
induces a voltage into coll Lb* The polarity of the Voltage across Lb 
causes the forward bias of the transistor to increase^ as does the conduction 
of the transistor. Transistor conduction then follows the voltage across 
the tank. At the same time, the induced voltage in Lb and L^ 

start oscilUtions in the tank circuit. The alternate charging and discljarying 
of C2 causes an exchanijf^ of energy from the capacitor's electric field to 
the inductor's magnetic field* This interaction between the tank capacitor 
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Phase shift in the Hartley oscillator is accomplished \n a similar way to 
that of the Colpitts oscillator. If you do not recall now the Colpitts 
functions, please refer to Module 22, Lesson 4* The maiji difference between 
the Hartley and the Colpitts is that the Hartley uses , a/tapped inductor 
to provide the 180** phase shift, wlrereas the Colpitts uses a capacitive 
voltage divider. In the Hartley type oscillator the tank circuit is excited 
by the voltage from the collector of the transistor* Look at the schematic 
and notice that the AC voltage at the bottom of the coil is 180^ out- 
of«phase with the AC collector voltage of the ^.transi stor* Waveforms are 
sha^n on the schematic in order to help you understand the operation of the 
oscillator more readily* In this instance the inductance of the oscillator. 
Specifically Lt, n^^y be considered as ar inductive voltage div'Kder* Notice 
that the inductance in this example is center tapped* In actual practice the 
tap may be somewhat off center* The actual location of the tap depends on the 
amount of feedback which is required* Even though the tap may be somewhat off 
center, sufficient feedback can still be provided to maintain oscillation in 
the ci rcuit* 

Tvyo simplified AC equivalent schemaliics are shown in Kigure 2* These sche- 
matics are for the Hartley and the Armstrong oscillator* 



In the case of the Armstrony oscillator, feedback is accomplished by trans- 
fonner .action* Notice that the output signal froi*i the collector of Ql i s 
transformer coupled from LI to 12 and back to the base of the transistor* 
This in itself results in a ISU'^ phase shift* The additional phase shift is 
^dGCompl ishod by the action of Cite transistor* Phasing dots have been shown 
on the schematic to emphasize thfi phase shift that occurs in the transformer* 
If the connections of LI ^ml L2 are reversedjthis prevents the circuit from 
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Fiyure 4 
SHUNT TYPE HARTLEY OSCILLATOR 



This IS also the schematic of a shunt-fed Hartley oscillator. This type 
of oscillator has better frequency stability. To further improve the perform* 
ance of the oscillator, an RFC is used iTistead of a resistor for the collector 
load. Because this device has little DC resistance and provides a large 
AC reactance it keeps the' oscil ;eting signal frocn entering the power supply 
source and Increases the DC -collector workiny voltage. You undoubtedly 
remember that AC entering the power supply source could cause interference 
with other circuits using tHe same power supply as a voltaye source. Using 
the KFC as a collector luad is not unique to the shunt-ty^je Hartley oscillator. 
The RFC could also be used witlt a series fed oscillator circuit. 

With series and shunt-fed Hartley oscillators, the transistors that are 
u&ed'may be either PNP," or NPN. These circuits may also be represented 
schematically In a different way. 



Summary 

The- iJifjdified circuit is shown in Fiyure 4. 

+ .VCC 



10 



Summary 



Thirty Two-1 



and inductor Is sometimes called the *'flyv/heel effect'*. 

The tank circuit has now been shocked in^o oscillation by the inductive action 
of Lc and Lb- Remember that once the tank begins to oscillate It will 
continue to oscillate 55 long as sufficient regenerative feedback is provided 
to overcome tanfE and circuit losses. In this case the tank signal 1^ 
inv-erted by Ql and coupled through to the bottan of where the tank 
Inverts the signal another lUO*^. This provides the ijositive regenerative^ 
feedback necessary to Itcep the tank circuit oscillating. Ueuiember that the 
tank Continues to oscillate as long as sufficient regenerative feedback Is 
l^rovided to compensate for tank and circuit power losses. You can see from 
this explanation that an oscillator Is basically a tank circuit, an amplifier 
and a regenerative feedback path. 

Refer again to the Hartley schematic shown in Figure 3. When the oscillator 
commences to oscillate, the base enntter voltage of Ql drops to less than 0.6 
volt. In some cases, this voltage may even be negative. The reason forthis 
change In voltage Is the charge on capacitor CI. In other words, the capacitor 
develops a voltage across tt v/fiich opposes the transistor forward bias estab* 
lished by Rl and R2. As you know, this reduces the forward bias of Ql. Refer 
again to to the schematic shown in*Figure 3 and notice that the cirrrent passes 
through coil L^. Because the DC current flow through coll segment 
increases the voltage drop across the coil. In some respects the coll acts 
like a series resistor. Remember that increasing .the resistance of a tank 
cpil reduces the Q of the coil and the tank circuit. There js one undesirable 
effect associated with this and that is that tlie tank bandwidth increases 
causing the oscillator to operate at a frequency other than that v^inch was 
originally intended or desired. 

Frequency stability of an oscillator circuit depends on the Q of the oscillator 
tank. With a high Q, good stability is provided, whereas a low Q tank produces 
less stability for the oscillator circuit, A method commonly used to improve 
the frequency stability of an oscillator circuit is to remove the DC current 
from the tank circuit. This is accomplished by moving the ground from the 
bottom of the tank to the. emitter of (Jl. 
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PROGRAMMED INSTRUCTION 
LESSON 1 

Hartley Oscillators 



TEST FRAMES ARE 5, 10, 16, AND 20. PROCEED TO TEST FRAME 5 AND SEE IF YOU 
CAN ANSWER THE QUESTIONS.* FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME. 

(k) In Module 22 you learned about basic oscillators, including various ' 
types, and the frequencies at which they operate.' *You also learned about 
oscillator circuitry. The basic requirements for LC oscillator circuits 



are shown pictorially in Figure 1. 

REGEI^ERATIVE (+) 



FEEDBACK 



TANK 
CIRCUIT 




OUTPUT 



■ Figure 1 
LC, OSCILLATOR REQUIREMENTS 

The ideas which are reflected pictorially in Figure 1 are basic to LC oscil- 
lator circuits. An LC idscI llator has a tank circuit, an amplifier circuit, 
Wd provisions for regenerative feedback* The primary function of the tank 
circuit Is to determine the oscillator frequency. The tank circuit may also 
{irovlde the proper phase shift; this vnll be discussed In greater detail in 
subsequent tremes. The purpose of the amplifier section is to provide the 
necessary gain and feedback voltage to sustain oscillations In the tank circuit, 
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Two aJditional examples of Hartley type oscillator scheinatics are shown 
in Figure 5, 



As an fexercise, trace, the DC current paths from ground through the transistor 
to in-order to verify' the circuit names. One way of identifying the 
Hartley type oscillator circuit from .other oscillator circuits is to determine * 
whether the tank coil has been tapped. After you detennine that the tank 
coil is tapped, you can easily detennine whether the oscillator is series 
or shunt by tracing the current flo\/ through the transistor. When the tank 
circuit is in parallel, or in shunt with the transistor, the circuit is 
a shunt- fed Hartley oscillator, rfhen the transistor current passes through 
the tdnk coil, the circuit is a series- fed Hartley oscillator. 

It is often necessary to deteniiine the oscillating frepuenqy of an oscillator. 
You may have Hjsed an oscilloscope to nake this deterr-iination. Because 
the oscilloscope does not provide the accuracy required, a frequency counter 
is UM the standard piece of test equipr.»ent used for detemiining frequency. 
The digital frequency counter is mare accurate because it mnimizes the 
loading of the oscillator circuit and provides a direct digital read-out of 
the oscillator frequency. The digital frequency counter is crystal controlled 
and ^s accurate to 1 pa^t in 1(P or 1 hertz in 100 MHz, One such frequency 
counter v/hich you will hdve an opportunity to use in the job program is 
the AN/USH-207, 

^AT THIS POINT, YOU KAY TAKE THE LESSON PROGRESS CHECK, IF YOU ANSWER ALL SELF- 
TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM- .IF YOU INCORRECTLY ANSWER 
ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANWER PAGE WILL REFER 
YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE 
PARTS OF THIS Lt^SON YOU ARE HAVING DIFFICULTY WITH, IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, .OR MOST, OF THE LESSON, SELECT AND USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE), OR 
CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN ANSWER ALL SELF- 
TEST ITEMS ON THE PROGRESS CHECK CORRECTLY, 

^ ^ "11 




SHUNT 



Figure 5 



HARTLEY OSCILLATOR SCHEMATICS 



P.I. 



Thirty Two*l 



from 1 Hz to thousands of megahertz. The actual amplitude and the specific 
output frequency depend on the equ1(»Tient application. However^ all oscillators 
strive for a constant amplitude and stable frequency output. 

One of the functions of an oscillator is to 

a. change- AC to DC 

b. change DC to AC ^ 

c. Increase the AC Input 

d. rectify the AC Input ^ 



b. change DC to AC 



(3^ The amplifier section of an oscillator circuit is used to provide the 
nocossary gain and f(jodl}i»ck voltafjr? to «wint<iin lank osciUotlorK In ordor to 
sustain oscillations. Ihc feedback mnst be of 1l»t* |jro|)ur |)h<ist?* This mkmiis 
that the feedb&ck voltage must be shifted 180*' before it can be applied to the 
amplifier. Circuits which provide 180** phase shifts are common in LC oscilla- 
tors. Some of the technic|ues which are used for obtaining thl^ p]^ase shift 
are depicted In Figure 3. 
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Figure 3 
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The three esse^ntial sections of LC oscillator circuits are 
2 and 3 , , 



1. Tank Circalt 

2. Amplifier 

3. Reaenerative feedback (in any prder) 



(zj Previously you learned that the function of a power supply is to convert 
AC to DC. The function of an oscillator is just the opposite. The oscillator 
circuit takes a DC voltage and converts it to an AC output. This is shown 



pictorially in Figure 2- 



+ 

0 



DC 


OSCILLATOR 


^ 


INPUT 




CUTPUT 



Figure 2\^ 
OSCILLATOR iCO 

At this point you may wonder why it is necessary to convert DC to AC since ^ 
we usually have AC available from the power source. Although AC voltage is 
available from the line, its frequency is usually 60Hz. Electronic equipments 
require different operating frequencies and thus mny types of oscillator 
circuits are required. Oscillators provide output frequencies which range 
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d* All of the above 

^ Oscillator circuits may be designed to operate with any of the amplifier 
cl«]!$ses you studied in Lesson 2 of Module 31* Each of the operating classes 
has certain advantages* For exa^tple, with Cl^ss A operation there is constant 
amplifier device conduction and a clean undistorted output waveform* However, 
from an efficiency standpoint, this type of amplifier is least efficient due 
to its internal power loss* Although the Class C amplifier conducts for le^s 
than 180**, this circuit provides the be^t power output* The disadvantage of 
the Class C amplifier is that the output waveform is not as faithful a 
reproduction of the input as in the Class A'amplifier* .Although Class A and 
Class C amplifiers are^ frequently used, the factor which dfetemiines which 
class to use in oscillator service depends on the oscillator power output 
requirement*. Whenever a high power output is required. Class C operation 
is used* When the primary consideration Is output waveform, Class A operation 
is used* 



no response required 
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Notice that transformers may be usefd to provide a 180*^ phase shift in the 
, oscillator circuit* As you examine Figure 3 notice that phasing dots are 
used to indicate points with identical phase in relation to time* Note 
specifically the schematic shown in Figure 3(a)* With the input indicated, the 
sine wave associated with the primary of the transformer produces an identical 
phase signal at the dot, pr B terminal, of the transfoniier secondary* This 
phase shift technique is commonly used in the Armstrong type oscillator which 
you studied in Module 22* The schenjatic shown in Figure 3(b), shows a tank 
circuit with a tapped inductance* This method is often used to provide 
out-of-phase voltages from a tuned tank* In this instance. Terminal A is 180^ 
out-of-phase with respect to terminal B* This is one of the techniques that is 
often used with a Hartley type oscillator* The schematic in Figure 3(c), shows 
a tuned tank circuit which uses two capacitors in order to, obtain out-of-phase 
voltages. In this case terminal A is 180^ out-of-phase with respect to 
terminal B* The action is the same as indicated in the center schematic with 
the tapped inductance. The main difference is that a tapped inductance is not 
required* Recall" that this technique was used with the Colpitts oscillator 
which you studied in Lesson 4 of Module 22* 

Which method{s) are used to provide 180^ of phase shift in oscillator circuits? 
a* Transformers ^ 
b- A tuned tank with tapped inductance 
c* A tuned tank with two series-connected capacitors 
d. Al 1 of the above , 
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1. a. change OC to AC 

2. tank circuit, dtnplifter, and regenerative feedback (in any order) 

3. a. regenerative 

4. a. (Hi't-of-phase 

• IF YOUR ANSWERS MATCH THE CORRECT ANSWERS GO ON 10 TEST FRAME KT. IF YOUR 
ANSWERS 00 NOT MATCH GO BACK TO FRAME 1 ANO TAKE THE PROGRAMMED SEQUENCE 
BEFORE TAKING TEST FRAME 5 AGAIN. 

A type of oscillator which is ofterKused In electronic equipment is the 
Hartley oscillator. One common application of this type 'of oscillator is 
providing frequency injection for the mixer stage of a superheterodyne radio 
receiver. When the oscillator Is used for this purpose it is sometimes called 
a local oscillator (LO). Other applications for the Hartley circuit include 
the variable frequency oscillator, or VFO stage, in radio transmitters , and 
signal generators. The advantage of using a Hartley type oscillator is that 
it has good frequency stability over a wide' range of frequencies and 
produces a constant amplitude sine wave output. 

The main advantage of the Hartley type^mcillator is it provides 

a. a constant amplitude sine wave output with good frequency 
stability ( 

b. an increased output voltage with average frequency stability 

c. variable output with a minimum of input regulation 

. d. little frequency stability but provides a constant sine wave output 



a. a constant atnplitude'sine wave output with good frequency stability 
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@ THIS IS A TEST FRAME, AFTER YOU ANSWER THE QUESTIONS COMPARE YOUR- ANSWERS 
WITH THE ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE QUESTIONS, 
1, Oscillators function to 

a, change DC to AC — ^ 

b, change AC to DC 

c* increase AC output voltage 

d* shift the phase of the input voltage 

2* The three sections of an oscillator circuit are 

2. 
3, 

3. In order to keep an oscillator circuit operating the feedback must be 

a, regenerative 

b, degenerative j 

c, out-of-phase- ' 

d* zero ^ 

4, The phase of the signal at terminal A in the figure below is 

with the signal at terminal 




a. out-of-phase 
b* in ph^e 
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center of the tank^ the AC voltage at each end of the tank 7S IBO*" out-of- 
phase ip res^^ct to the common ground connection* Since the Input to the 
amplifier is felt directly across capacitor C2, this voltage is 180** out-of- 

phase with vhe yaltage at the collector end of the tank circuit* Therefore, 

* ^ t"* 

the total phase shift around the loop is 360*" a^?d this causes, the circuit to 

continu"^& to oscillate* Remember the oscillator output frequency is determined 

in this case by the inductor Ll and the series equivalent of capacitor CI and 

C2. - ^ 

* 

The AC voltage across C2 Is with the AC voltage across j - 

a. In phase, CI ^ 

b. out-of-phase, CI 

. c- in phase, C-E of Ql 

d- out-of-phase, B*E of Ql 



b- out-of-phase, CI 




Figure 4 ^ 
^ \ \ (JpLPITTS OSCILLATOR AC-EQUIVALENT 
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(T^ Iri hf^lp you understand the operation of the Hartley oscillatorja quick 
review of the Colpitts oscillator is presented here.^ Recall that you studied^' 
this circuit in Lesson 4 of Module 22, The equivalent AC circuit\is shown 
in Figure 4. Remember equivalent circuits otatt bia& voltages and some compo- 
nents for e^se in understtindi ng the nrain f>oint. 



Li (eo» 



Figure 4 

COLPITTS OSCILLATOR AC-EQUIVALENT 

Notice that voltage phase shifts are indicated at key points. Recall that one 
of the key requirements for any oscillator is that the regenerative feedback 
voltage of the oscillator must be in phase with the sigrral on the base of 
Ql.'The amplifier shown in the Figure is for a familiar common emitter type 
oscillator circuit* This type of circuit configuration produces 180** of 
phase shift between the base and the collector signals. An additional 180** 
of phase shift is accomplished by the tank circuit which is comprised of LI, 
CI, and C2. The output signal from the collector of Ql excites the LC 
resonant tank and produces tank oscillations. Because AC ground is at the 
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(9) Recall that the function of an oscillator is to produce a constant amplitude, 

stable output signaK Remember that unless feedback is regenerative, damping 

of the tank oscillations will occur* If the feedback is exactly in*phase, 

little feedback is needed to overcome circuit losses and sustain oscillation* 

A difference of a few degrees either way will still allow the circuit to 

continue to oscillate* Of course, the amplitude of the feedback necessary to 

sustain oscillation is much less when the feedback is in phase* The schematic 

* 

shown in Figure 5 is the AC equivalent of a Hartley oscillator* 




Figure 5 

HARTLEY OSCILLATOR-EQUIVALENT AC CIRCUIT 

r 

\ 
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Again refer to the schenatic in Figure 4 paying particular attention to 
the tank' circuit comprised of CI, C2, and LI. Decreasing the capacitance of C2 
will increase its reactance and this results in a greater voltage across the 
capacitor. C2*s voltage provides the regenerative feedback required to 
sustain tank oscillations* 

Optimum regenerative feedback depends on the relationship, or ratio, of the 
capacitance of CI and C2* This factor in conjunction with the biasing compo- 
nents also determines the oscillator class of operation. 

The oscillator may be tuned by varying the inductance of coil LI. Thus, the 
LC tank circuit performs two functions in the Colpitts oscillator. First, it 
determines the oscillator output frequency and second, it provides the necessary 
180*" of phase shift. If you do not recall how the Colpitts oscillator operates, 
please refer to Module 22, Lesson 4* 

The tank circuit in the Colpitts oscillator performs the function(s} of 
providing 360^ phase shift and rectifying output 
b* determining oscillator output frequency and providing 180*^ phase shift 

c. providing degenerati ve feedback 

d. none of the above 



b. determining oscillator output frequency and providing 180** phase shift 
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@ THIS IS A TEST FRAME, AFTER YOU ANSWER THE QUESTIONS, COMPARE YOUR 
ANSWERS WLTH THE ANSWERS GIVEN AT JHl TOP OF THE PAGE FOLLOWING THE QUESTIONS. 
1. A Hartley type oscillator provides 

a* constant output with a minimum of input regulation ^ 
b* an increased output voltage with average frequency stability 
c. a cor\stant ampl itude sine wave output with good frequency 
stability 

d* very little frequency stability but a constant sine wave output 

2* ^In order for an oscillator to continuL' oscillaMmi.the feedback voltaoc 
must be 

a* 90** out-of'phase with the oscillator output 
b* 90** out-of-phase with the oscillator input 
c* in-phase with the tank voltage 
d* out"Of-phase with the tank voltage 

3* The tank circuit in the Hartley oscillator operates to. 
a* maintain a damped output voltage 

b* provide a 180** phase shift and constant osciTlator output frequency 
c* provide a 360** phase shift and rectify the output 
d* provide a 90** phase shift to maintain a constant oscillator output 
frequency / 



Thirty Two-l 

This oscillator accomplishes the phase shift action In a similar way to the 
Colpitts. As you compare the circuit for the Colpitts and the Hartlefy you 
can see that the only real difference between the two is that the Hartley 
oscillator utilizes a tapped inductor to |>rovide the, 18^0^ phase shift instftiid 
of a capacitive voltage divider as used in the Colpitts. In the Hartley, the 
tank circuit is excited by the voltage from the collector of the transistor. 
Notice that the voltage at thb bottom of the coil is ISC'* out-of-phase with 
the collector of the transistor. To help you understand the operation of the 
Hartley, waveforms are shown on the schematic. In the case of the Hartley, 
the inductance, specifically Lt, may be considered an inductive voltage 
divider. Because the amount of feedback provided when the coil is center 
tapped is more than required to maintain oscillation in the circuit, the 
actual tap may be somewhat off-center* If the tap is moved toward the base 
end of coil Lt,the aiuount of feedback is reduced* In this manner optimum 
feedback aiHplitude can be provided to iraintain circuit oscillation. 

The amount of feedback provided by the Hartley oscillator shown in Figure 5 
depends on the 

a. tap position on inductor Lt 

b. value of capacitor Ct 

c. both of the above 



a. tap position on inductor 
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1. c. a constant amplitude sine wave output with yood frequcuicy stability. 

2. c. in phase with 'the tank voltage 

3. b. provide a IBO* phase shift and constant oscillator output frequency 

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, GO ON TO TtST KKAME 16. IF VOUR 
ANSWERS DO NOT MATCH THE ANSWERS GIVEN, GO BACK TO FRAhC 6, AND TAKE THE 
PROGRAMMED SEQUENCE AGAIN, BEFORE TAKING TEST FRAME 10 AGAIN. - 

V 

(fl) The sipiplified AC equivalent schematics shown In Figure 6 are for a 
Hartley and an Armstrong oscillator. 




HARTLEY ARMSTRONG 



Figure 6 
AC EQUIVALENTS 

Notice that in the Armstrong oscillator feedback is accomplished by transformer 

action. The output signal from the collector of Ql Is transformer coupled 

from LI to L2 and back to the base of the transistor* In this case the 

transistor produces the necessary 180^ phase shift and this, confined' with the 

transfomer J^"* shift, produces a total shift of 360*". Phasing dots have 

been shown on the Armstrong schematic to show equivalent circuitiy. Reversing 
♦ 

the connections on LI and L2 will prevent the circuit from oscillating. Now 
look at the Hartley oscillator shown, in Figure 6. In this case, the primary 
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Zj Recall that one of the characteristics of allVXJscillators is that they 
have a working amplifier circuit and that the amplifier must be forward biased 
In order to provide amplification* The schematic shown in Figure 7 is that of 
a series-fed Hartley oscillator circuit* 



+ Vcc 



OUTPUTS 




Figure 7 



_ igure 
S&RIES-FED HARTLEY OSCILLATOR 



Whci you examine the scheniatic you can readily see that Rl and R2 provide the 
forward bias for Ql* Current which flows from ground to Vcc places the 
forward bias of Ql at approximately 0*6 volts positive* This forward bias is 
necessary in order to cause the transistor to conduct and oscillation to 
begin. The transistor current then flows from ground through tank coil L^, 
Ql, R3, and thence to Vcc. This creates a magnetic field around coil 1^ as 
shown in Figure 8. 




Fiyure 8 

INDUCTIVE ACTION Lt:-U> 
28 
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e transformer is designated as and the secondary section is designat- 
ed as Lb* Even though these coils have a COTJmon point, mutual coupling 
still exists between them* Current flcnng through induces a voltage 
across Lb and produces a transfoniier coupling action just as with the 
Armstrong circuit* This type of action Is often referred to as "auto 
transformer action"* 

The feedback In both the Armstrong and Hartley oscillator circuits Is accom- 
plished through 

a* transformer coupling action 

b* the internal action of Ql 

c* the tank capacitor 

d, none of the above 

_^ _\ , 

a* transformei: coupl ing action 

^2) Up to this point the basic purpose of the instruction was to acquaint 
you with the basic principles which apply to all types of oscillator circuits* 
The remainder of this lesson will be concerned with the two basic types of 
Hartley oscillators. The two major classifications for Hartley oscillators 
are; series and shunt-fed oscillators* ^ 

The two types of Hartley oscillators are and 



series and shunt or shunt and series 
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14^ tefer again to the schematic shown in Figure 7, The tank has been ^ 
shocked into oscillation by the induction action of apd L^* Once the 
tank begins to oscillate the voltage at the top of the tank swings in a 
negative direction. Tins reduces the forward bias on Ql and the magnetic 
field around the inductance LI* The exchange of energy between the tank 
coil and capacitor produces a sine wave voltage across'the tank* This 
provides a positive regenerative feedback signal to the base of the trans- , 
istor which is in phase with the tank signal^ As a result of this, the 
tank oscillations are reinforced- As you recall, once oscillation begins, 
it continues as long as sufficient regenerative feedback is provided to 
compensate for losses in the oscillator* 

One function of the tap on LI in the Hartley oscillator is to 
a* control oscillation frequency 
b* provide in phase feedback voltage to the tank 
c. couple the feedback into the power supply 
d* none of the above 



b* provide in phase feedback voltage to the tank 



OUTPUT^ 



Figure 7 



SERIES-FEO HARTLEY OSCILLATOR 
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The magnetic fieT^ around coil induces a voltage into coll L^,, See 



its conduction. 

Simultaneous with thi<; acj^on. thn inducod voUdije in ^ and L^; starts 
oscillation inside the tank circuit. The charge and discharge of C2 
causes an exchange of energy from the capacitor electric field to the 
Inductor magnetic field. This interaction between the inductance and 
capacitor is sometimes called the "flywheel effect," 

Interaction between an inductance and capacitor In a tuned circuit Is 
sometimes called the , 



flyv'heel effect 



Figure 8. This increases the forward bias of the transistor and increases 




Figure B 



INDUCTIVE ACTION L^-Lb 



29 



37 



P.I. 



Thirty Two-1 



Recall that the higher the Q of the oscillator tank^the greater the frequency 
stability of the oscillator, 

A high tank Q value in the oscillator circuit results in 

a. less frequency stability 

b. the same amount of frequency stability 
c* greater frequency stability 

d. has no effect on frequency stability 



c. greater frequency stabil ity 



/ 
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Again refer to the Hartley schematic shown In Figure 9, Once the oscllla- 
tor begins to osclUate^the base-emitter voltage of Ql , as measured with a 
voltmeter, drops to less than 0*6 volt. In fact it niay even become negative* 
The reason for this is the charge on CI* CI couples the tank signal to the 
transistor base and isolates the tank from the direct current, or DC biasing 
network* Thus, the capaoitor develops a small voltage across It which opposes 
the transistor forward bias established by lU and R2* This reduces the 
positive base-emitter potential of [)1* The amplitude of the tank signal must 
be sufficient to ensure continued transistor conduction* The conduction 
time of Ql determines the clajss of oscillator operation* 

Again refer to the schematic in'Flgure 9* Trace the current flow from ground 
through Ql* Notice that the current passes through coil L^* This current 
flow increases the voltage drop across the coil and the co^il functions Tike 
a series resistor* You should recall that Increasing the resistance of a 
tank coil reduces the Q of the coil and the tank circuit* There is bne 
undesirable effect associated with t>i1s and that Is the tank bandwidth 
increases^causlng the oscillator to oscillate at a frequency other than 
the frequency originally desired* 

+ ^VCC 



OUTPUT-4 




^=3 



'Figure 9 

series-fedASrtley oscillator 
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1. d« sufficient to overcome internal signal losses of the <:1ru1t and 

supply required output power -l 

2. a. XL/R 

3. a. Increasing the Q of the oscillator tank 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, GO ON TO TEST FRAME 20. IF YOUR 
ANSWERS DO NOT MATCH, GO 8ACK TO FRAME 11 AND TAKE THE PROGRAMMED SEQUENCE 
BEFORE TAKING TEST FRAME 16 AGAIN. 

The frequency stability of an oscillator circuit depends on the Q of 
the oscillator tank* A higlV Q tank results In good stability whereas a 
low Q tank produces less stability for the oscillator, circuit* One method 
used to Increase the frequency stability is to remove the, DC amplifier 
current from the tank circuit* By moving the ground from the bottom of 
the tank to the emitter of Ql, the DC path is removed .from the tank. A 
shun-^- fed Hartley oscil lator schematic H shown In Figure 10. 

> + Vcc 



OUTPUT ^ 




^C3 



Figure 10 

SUWT-FED lURlXEV OSCILLATOR 
34 
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@ THIS IS A TEST FRAME, AFTER YOU ANSWER THE QUESTIONS, COMPARE YOUR 
ANSWERS WITH THE ANSWERS GIVEN AT THE TOP OF THE PAGF FOLLOWING THE QUESTIONS. 
1* The amount of feedback necessary to keep an oscillator circuit oscillating 
must be 

a* sufficient to overcome internal signal losses of the circuit and 

supply required output power 
b* less than the signal losses of thn circuit, 
c* greater than the signal losses of the circuit but less than the 

output power, 

2. The Q of a coil In a tank circuit depends on the ratio of 
a. XL/R 
R/XL 
c. R/XC 

3* The frequency stability of an oscillator tank may be Increased by 
a. Increasing th'e Q of the oscillator tank, 
b* decreasing the Q of the oscillator tank, 
c* varying the Q of the oscillator tank, 
d» none of the above 
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those already shown in this lesson. Two additional examples of Hartley 
oscillator schematics are shown in Figure 11- 

-aVcc "|VCC 




SERinS 




SHUNT 



Figure 11 
SEPIES/SHUNT HARTLEY OSCILLATORS 



The characteristic'which distinguishes the Hartley typ^ oscillator circuit 
from other oscillator circuits is the tank coil tap. Once you determine that 
the t^nk coil Is tapped, you can easily determine whether the oscillator is 
series or shunt by tracing the current flow through the transistor. When 
the transistor current passes through the tank coil^the circuit Is a series-fed 
Hartley oscillator. In cases where the tank circuit is In parallel or in 
shunt with the transistor, the circuit is a shunt- fed Hartley oscillator. 



no response required 
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Now, the higher Q of the tank circuit improves the frequency stability of 
the circuit* When you compare the schematics for the series and shunt-type 
Hartley oscillators, notice that instead of using a resistor for the collector 
load, the shunt circuit uses a radio frequency choke (RFC)* Since this 
device has little DC resistance and provides a large AC impedance, it keeps 
the oscillating signal from entering the power supply source (Vcc) and raises 
the DC collector working voltage* As you know, AC entering the power source 
could cause interference with other circuits using the same voltage source* 
The technique of using the RFC as a collector load could also be employed 
with the series-fed Hartley oscillator* 

An advantage of using a radio frequency choke in the shunt type oscillator is 

that the choke 

a* has the advantage of little current drain 
^ b* provides a large DC resistance and ^ small AC impedance 
c*^ is more stable due to an increased resistance 
d, provides a large AC impedance and little DC resistance 



d* provides a large AC impedance and little DC resistance 



One additional point concerning series and shunt-type Hartley oscillators* 
The type of transistors used in the circuits can be either PNP or NPN* 
Further, there are other ways to represent the circuits schematically tL 
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9j Often it is necessary to determine the operating frequency of an oscilla- 
tor. The basic method used for making this determination 1s shown pictorially 
in Figure 12. 



i O06SQ2I2 1 



FREQUENCY 
COUNTER 



RF 



CABLE 



MIXER 



U.O. 



IF 



Figure 12 
MEASURING OSCILLATOR FREQUENCY 



The diagram shows a digital frequency counter measuring che local oscillator 
(L.O.) frequency of a superheterodyne receiver. Previous methods for 
determining oscillator frequency do not provide the accuracy required. 

Therefore the frequency counter is now the standard piece of test equipment 
for frequency measurement. A digital frequency counter is more accurate 
because it minimizes loading of the oscillator and provides a direct read-out 
of the frequency. Accuracy of the counter depends on the crystal controlled 
oscillator which i? part of the counter. The accuracy of this type of test 
equipment approximates one part in lO^ or 1 hertz in 100 MHz. You will have 
an opportunity to use a frequency counter as part of the job progrwi associated 
with this lessor, fhe frequency counter which you will use Is the AN/USM-207. 



no response required' 
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radio frequency choke 



2. a- tank coil tap 

3. c. no forward bias 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PROGRAMMED 
INSTRUCTION FOR LESSON 1, MODULE THIRTY TWO. OTHERWISE GO BACK TO FRAME 
17 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 20 AGAIN. 

AT THIS POINT YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS , THE CORRECT ANSWER PAGE' 
WILL REFER YOU TQ THE APPi^OPRIATE PAGES, PARAGRAPHS, OR FRWES SO THAT YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU 
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT 
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDfO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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@ THIS IS A TEST FRAME, AFTER YOU COMPLETE THE QUESTIONS COMPARE YOUR 
ANSWERS WITH THE ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE QUESTIONS, 

1, In a shunt*type Hartley oscillator a may be used for the 

transistor collector load^ 

a, variable resistance 

b, variable capacitance 
c* radio frequency choke 

V 

2, A distinguishing characteristic of Hartley type oscillators is the 
a, tank coil tap. 

b* variable frequency of the oscillator, 
c* use of PNP transistors, 
d* use of NPN transistors. , 



3* Study the circuit below and determine why it does not function, 

Irfc 

HI T 11 ►Eout 




a* Incorrect collector voltage 

b* Intproper tank tap 

c* No forward bias 

d* It should work 
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Figure 2 
PHASE SHIFT TtCHNlQUE 



To help you understand the phase shifty phasing dots arc shown to Indicate 
points at which the phase is identical. Notice that transformers are used 
to provide a 180"* phase shift. The transforrer schematic shown in 2A 
illustrates that a sine wave input to the primary of the transformer 

will produce an identical phase signal at terminal B of the transformers 
secondary. This method of accomplishing phase shift through transformer 
action is commonly used with the Armstrong type oscillator which you studied 
in Hoclule 22^. The schematic In Figure 2B shows a tank circuitwith a 
tapped inductancewinding. This tank circuit provides out-of-phase 
vol tagej across the inductance. In other words terminal A is 

180^ out-of-phase with terminal B. This is a technique which is often used 
with a Hartley type oscillator. Use of this technique with the Hartley 
oscillator will be discussed in detail in subsequent paragraphs of this 
lesson. The schematic shown as Figure ZC shows a tuned tank circuit it^ich 
uses capacitors in order to obtain the out-of*phase voltaye. In this case 
terminal A is 180** out-of-phase with respect to terminal B. Examination of 
this schematic shows that the output is identical to the output indicated on 
schematic 26 which uses a tapped transformer. You probably remember 

that this technique is used with the Colpitts oscillator which you studied 
in Lesson A of Module 22. 

Osc1JKit:or circuits may b*i designed to operate with any of the amplifier 
cictssif icdtions you studi*?d ^t\ hmlulc 31. hich of the operating classes ha?; 
certain distinct advantages, l-ur example^ a Class A aiitplifier provides 
constant conduction with a clt^an undistorted output wavefum even though it 
Is not the most^ efficient type of amplifier. The reason it Is not efficient 
1$ tliat. there Is a fairly large internal power loss. A Class C amplifier 
provides the best power output even though it conducts for less than IftO**. 
The main disadvantage of the Class C amplifier is that the output waveform 
Is not a faithful reproductiorr of the input waveform. Class A and Class C 
ampHfiers are used most frequently in oscillators. The factor which 
determines which classification of amplifier to use depends on the oscillator 
power output requirement. The Class C amplifier Is used where a high power 
output Is required and Class A Is used when the »iialn consideration Is 
stability of the output waveform. 
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NARRATIVE 
LESSON 1 

Hartley Oscillators 



In Nodule Z2 you learned about the various types of oscillators and the 
frequencies at which they operate. Ytiu also learned that there are three 
basic requirements for all LC oscillator circuits. These requirements are 
shown pictorially in Fiyure 1. 



REGENERATIVE 0+) FEEDBACK 




Fiyure 1 



LC OSCILLATOR BLOCK DIAGRAM 

tvery LC' oscillator has a tank circuit, amplifier circuit, aojl provision for 
reyenerative, feedback. The purpose of the tank cir^it is to determine the 
oscillator frequency and in mariy circuits it also provides the required 
phase shift to the feedback voltage. 

In your previoys study of power supplies you learned that in most instances 
power supplies were used to convert AC to DC. One function of an LC 
oscillator is Just the opposite. An oscillator converts a OC input into a 
stable,- constant amplitude AC output. You may wonder why it i^ necessary to 
convert OC to AC since AC is usually available from the power source. 
Although AC voltage is available, the only frequency available is usually 60 
hertz. Since different types of electronic equipments require different 
operating frequencies, oscillators which are capable of developing these 
frequencies are needed. Oscillators may be designed to provi de ou tput 
frequencies wtnch range from 1 hertz to thousands of megahertz. The actual 
frequency depends on the specific etjuipment applicdtion. To assure 
continued oscillation of the tank circuit # feedback of the proper phase 
m%t be provided. Further, the amplifier section must provide the necessary 
gain in voltage to maintain oscillation. Since the feedback voltage must 
reinforce tank oscillations, circuits vjhich provide ISC'* phase Shifts are 
common in LC oscillators. Some of the techntques which are used to accom- 
plish the phase shift are shown in Figure 2. 
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Again refer to .the schematic shown in Figure 3» paying particular attention 
the tank circuit comprised of Cl» C2» and LI. Decreasing the capacitance 

dr CZ results in an increase in its reactance and a greater voltage across 

tjne capacitor. The voltage across this capacitor provides the necessary 

regenerative feedback to sustain tank oscillation. The oscillator frequency 
usually changed by varying the inductance of coil LI. In this example 

the\LC tank circuit of the Colpitts oscillator performs tv;o functions. 

besides determining the oscillator output frequency it also provides a IBO*' 

phase^ shift.; 

If you do not nraj^ber how the Colpitts oscillator functions please refer to 
Lesson 4 of. Module 22. 

Recall that the purpose of an oscillator circuit is to produce a constant 
amplitude and stable frequency output, signal. Unless the oscillator output 
is of sufficient magnitude to replenish internal power losses, the oscillator 
will stop oscillating. When the tank feedback is exactly in phase with the 
oscillator^ less feedbsfck is required to overcome internal power losses. 
Even though the oscillator circuit will continue to oscillate when there is 
a slight difference of a few degrees in the feedback to the tank» this is 
not the most efficient application of regenerative feedback. Oscillation is 
easier to sustain when the feedback to the tank is exactly 1>i phase with the 
tank oscillations. The schematic shown in Figure 4 is the AC equivalent of a 
Hartley type oscillator. 




Figure 4 

EQUIVALENT AC CIRCUITHARTLLY OSCILLATnU 
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A type of oscilUtor Hut is used quite freguentl^f in electronic equipment 
Is the Hartley oscillator. The Hartley oscillator Is often used ta Provide 
frequency Injeefion for the mixer stage of superheterodyne radio receivers. 
When the oscillator Is used for this purpose, it Is usually called a local 
oscillator (LO). The Hartley circuit is also used as a variable frequency 
oscillator (VFO) stage In radio transmitters and slynal yenerators. The 
Hartley oscillator has the advantage of good frequency stability over a 
wide range of frequencies and the production of a constant amplitude output 
sine wave. There are two major cUssIf legations of Hartley oscillators. 
These oscillators are classified as series or shunt depending on the actual 
circuit configuration. 

To help you understand the operation of the Hartley oscillator^ a brief 
review of how the Colpltts oscillator functions Is Included. Remember you 
studied the Colpltts oscillator in Lesson ^ of Module 22. The schematic 
shown in Figure 3 Is the AC equivalent of a Colpltts oscillator. 



Voltage phase shifts are shov/n with arrows at key points to help you under- 
stand the operation of this type of oscillator. The schematic shown In the 
f ifiuro Is for the f<'<>n)1ar coimiinn emitter type oscillator circuit. This 
typt? of circuit prtn'sces x\ 1^,0"* i^^isr shift hptwi?t^fi the base and collector 
ot tht: trtjnslstor. An iidditiondl 180" of \i\dsc shift is provided by the 
tank circujt comprised of LI, CI, and C2.= The total phase shift of this 
circuit Is*" 360** wlilch provides the necessary regenerative feedback to 
compensate for Internal \tOviQr losses and sustain oscillation in the tank 
circuit. 




Figure 3 



AC EQUIVALENT- COLPITIS OSCILLATOR 
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The rartainder of this lesson explains the operation nf series and shunt-fed Hartley 
oscillators. The schematic shown in Figure 6 Is for a series-fed Hartley oscillator 
circuit* A +vcc 



OUTPUTS 




SERIES-FED HARTLEY OSCILLATOR 



Notice that Rl and R2 provide the forward bias for Ql. In this case current flow* 
Ing from ground through R2 to V(;;(;; forward biases Ql at approximately 0.6 volts 
positive. This forward bias Is necessaT7 in order for oscillation to begin. In 
this case current flows from ground through tank coil Lc> finally 
to Vgc- The cyrrent flow creates a magnetic field around coil Ir and Induces 
a voltege into coil Lf As a result .of this, the^ forward hias of Ql Increases 
and the transistor conducts more. The translstor-^conductlon will follow the 
voltage across the tank. At the same tluteithe Induced voltage across L^) 

and Lr starts oscillations within the tank circuit. The charying and discharg- 
ing of C2 causes an exchange of energy from the capacitor electric field to'the 
Inductor magnetic field. The interaction between the Inductance and capacitor 
is sometimes referred to as the "flywheel, effect." 

Refer again to the schematic shown In Figure 6* Due tu the inductive action of 
and L|), the tank circuit has been shocked into oscillation. When oscillation 
begins^the voltage at the top of the tank swings in a negative direction. This 
reduces the forward bias of Ql and changes the magnetic field around LI. The 
exchange of energy between the tank coil and the capacltc^r ^ produces a sine wave 
voltage across the coil. Ql amplifies and inverts the tank sine wave voltage in 
order to produce a feedback signal which Is applied to the collector of the tran- 
sistor* The feedback Is coupled from the collector of the transistor through 
capacitor C3 back to the tank circuit. Refiiember.the tank circuit alters the wave* 
form 180** and the resulting feedback Is in phase with the tank signal. 
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IMiase shiftiny in this oscillator is accom|}l ished in a way similar In that 
of a Colpitts oscillator. If you canpare the schematic for the Colpitis tinrt 
the Hartley you can see that the major difference between the two is that 
the Hartley uses a tapped inductor to provide a 180** phase shift whereas the 
Colpitts uses a capacitive voltage divider* 

Waveforms are shown on the schematic to help you understand the operation of 
the Hartley oscillator. With this type oscillator, the inductance, specifi- 
cally LT, may be considered as an inductive voltage divider. Although the 
schematic shows the inductance a^ being center tapped, this is not always 
the case. The tap location ofi the inductance may he somewhat off,c,enter. 
The location of the tap. effects the amourvt of feedback* More feedback is 
obtained as the tap is moved toward the collector side of the tank. The 
main consideration in tap location is thnt optimum feedback be provided to 
allow for suitable power output and to conipensate for internal power losses 
of tho oscillator. Too iriuch feedback will overdrive the tank and cause 
possible instability and v/avefonii distort ion: too little feedback will cause 
the oscillator tu stdll or stop ascilltJtion* 

The schematics showp in Figure 5 are simplified AC equivalents for Hartley 
and Aniistron9_oscillators. 




HARTLEY ' ARMSTRONG 



Figure 5 
AC CIRCUIT EQUIVALENTS 



As you study the Annstrong circLit you can readily see that the oscillator 
feedback is the result of transformer action. In this example the output 
signal of the collector ot Ql is transfomer coupled from LI to Vc and back 
to .the base of Ql, The transistor produces a 180** pRase shift and this 
shift combined with the transfonner shift results in a total phase sMft of 
300- With tlie Hartley schematic^. the transformer primary is L^.jhe secondary 
is designated as L^- Though the coils have a common point, mutual coupling 
still exists between the coils. Current flowing through L^ induces a voltage 
in Lb, producing transformer coupling comparable to that .of the Armstrong circuit. 

^5 5^ 
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Since the sfiunt Hartley circuit increasciS the f) of tha tank, it also Improves 
the frequency stability of the oscillator* As you ^compare thesre schematics 
for tfn? series and shunt-fed Hartley osci Uators, not ice that in lieu of using 
a resistor for the collector load in the shunt circuit^a radio frequency 
choice (RFC) is used. A radio frequency choke (RFC) has relatively little DC 
resistance .and provides a large AC- impedance ^thereby keeping the oscillator 
signal from entering the power supply source. The choice also rtiises the DC 
collector working voUagev Remember AC entering a power source may cause 
interference with other circuits using the same voltage source* The technique 
of using the RFC as. a collector load may also be used with the seiries-fed 
Hartley oscillator* 

Several additional points concerning the two types of Hartley oscillators 
are necessai^*. First, the type of transistors used in the circuits may be 
either PNP or NPN and second, there are different ways to represent the 
circuits schematically other than those already shown In this lesspn* 
Additional examples of Hartley type oscillator circuit schematics are 
show in^ Figure 8* 




SHUNT 

Figure 8 
HARTLEY OStlLLATORS 



A characteristic which is often used to distinguish Hartley type oscillators 
from other type oscillator circuits is the tank coil tap* After you determine 
that the tank coil is tapped^you ccn readily determine whether the oUllUtcv 
is series or shunt by tracing the current flow through the transistor* In 
cases where the transistor current passes through the tank coil^the circuit 
is a Series-Fed Hartley* In instances wher j the tank circuit is connected in 
parallel, or in shunt with the transistor, the circuit is a shunt type ■ 
Hartley oscillator* 
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Study the scheinatic and notice that the tank oscillations are reinforced hy 
feedback through C3 and recall that once oscillation begins it continues as 
long as sufficient feedback is provided to compensate for the output power 
and Internal power losses of the oscillator* After the oscillator begins to 
oscillate the base--emitter voltage of Ql drops to less than 0.6 of a volt* 
In fact it nwy even become negative. The reason for this change is the 
charge on CI. CI couples the tank circuit to the transistor base^thereby 
isolating the tank frm the direct current of the biasing network* The 
capacitor develops a small voltage across it which opposes the transistor 
forward bias established by Rl and R2. The capacitor voltage opposes the^ 
positive base-emitter potential of transistor, Ql. Recall that the conduction 
tinie of Ql will dPtennine the class of oscilfator operation. 

Sif^ce transistor current passes through Lc,this current flow increases the 
voltage drop across the coil and acts like a resistor in series with the 
coil* You likely recall tliat increasing the resistance of a tank coil 
reduces the t) of the coil and tank circuit. The one undesirable effect of 
this is that the tank bandwidth increases, thereby causing the oscillator to 
oscillate at a frequency other than originally intended. 

Since frequency stability of an oscillator circuit depends on the Q of the- 
oscillator tank, it is desirable to have an oscillator tank with a high Q* 
A high (J tank has good frequency stabi lity^whereas a tank with a low Q 
has less stability. One riethod frequently used to increase frequency 
stability is to remove the DC current from the tank circuit. This is 
accomplished by moving the ground from the bottom of the tank to the emitter 
of Ql. This in effect removes the DC path from the tank. This is shown in 
the shunt type Hartley schematic in Figure 7. 



OUTPUT ^ 




Figure 7 
SHUNT' FED HARTLEY OSCILLATOR 
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As part of th«.' job program associated with this lesson, you will be required 
to determine the operating frequency of an oscillator. Although you previously 
used an oscilloscope to determine oscillator frequencies you will now use a 
digital frequency counter. The frequency counter is much more accurate 
because it minimizes loading of the osci'Uator and provides a direct readout of 
the oscillator frequency. The accuracy of the counter is controlled by an 
internal crystal controlled oscillator. The accuracy of this type of test 
equipinent approximates 1 part of 10° or 1 Hz in 100 MHz. The frequency counter 

which you vvill use as part of the job program is the AN/USM-2D7. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL SELF- 
TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF yOU INCORRECTLY ANSWER 
ONLY A FEW OF THE PROGRESS CHECK QUESTIONS'; THE CORRECT ANSWER PAGE WILL REFER 
YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY 
THE PARTS OF THIS LESSON yOU ARE HAVING DIFFICULTY WITH. iF'yOU FEEL THAT YOU 
HAVE FAILED TO UNDERSTAND ALL, OR MOST. OF THE LESSON, SELECT AND USE AIJIOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE), OR 
CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN ANSWER ALL SELF- 
TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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MEASURE and COMPARE output waveforms and voltages of RC phase shift 
oscillator circuits, given a training device, circuU boards, test 
equipment and proper tools, schematic diagrams, and a job program 
containing r^f^rence data for comparison. Recorded data must be 
within limits stated In the job program. 

IDENTIFY the faulty component or circuit malfunction in a given . RC 
phase shift oscillator circuit, given schematic diagrams and failure 
symptoms, by selecting the correct fault from a choice of four* 
100% accuracy Is required** 

^FOOTNOTE: This objective Is considered met upon successful completion of the 
Terminal Objective* 



BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW 
THE LIST OF STUDY RESOURCES ON THE NEH PAGE. 
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OVERVIEW 
LESSON 2 



. RC Phase S,hift Oscillator 

In this lesson you wil/leam about RC Phase Shift Oscillators and their 
application in electronic equipments. You will learn how phase shifting is 
accomplished through the use of the RC network, and become familiar with circuits 
which employ RC phase shift networks to sustain oscillation. You will learn 
about component functions in the RC oscillator and why this type of oscillator 
provides a stable frequency with a constant amplitude output signal. 

The learning objectives of this lesson are as follows: 

TERMINAL OBJECTIVE(S) : 

32.2*57 When the student completes this lesson,* (s)he will' be able to 

TROUBLESHOOT and IDENTIFY faulty components and/or circuit malfunctions 
y in RC phase shift oscillator aircuits .when given a training device, 

prefaulted circuit board, necessary test equipment, schematic diagram, 
^ and instructions* 100% accuracy is required* 

ENABLING OBJECTI VE(S ) : 

When the student completes this lesson, (s)he will be able to:' 

IOENTIFY the factors required to sustain oscillations in an LC or RC 
oscillator circuit by selecting the correct statement from a choice 
of four. 100% accuracy is required* 

IDENTIFY the basic principles by which phase shift is accomplished 
in an RC phase shift network by selecting the correct statement from 
a choice of four. 100% accuracy is required. 

IDENTIFY the function of oinponents and circuit operation of an RC 
phase shift oscillator circuit, given a schematic diaqram, by select- 
ing thfe correct statement from a choice of four. 100% accuracy is 
required. 

IDENTII^Y the methods by which the frequency of an RC phase shift 
oscillator can be changed by selecting the correct statement from a 
choice of four. 100% accfracy is required. 

IDENTIFY the advantages of an RC phase shift oscillator by selecting 
the correct description Of its characteristics from a choice of four. 
100% accuracy is required. 



32.2*57.1 
32*2.57.2 
32.2.57.3 

32 . 2 . 57 .4 
32.2.57.5 
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SUMMARY 
LESSON Z 

RC Phase Shift Oscinator 



When you previously studied LC oscillators you learned how the LC tank 
circuit and «iip11f1er accon^Hsh a 360 degree phase shift. You also learned 
that the purpose of this phase shift vias t6 provide regenerative feedback 
for the oscillator circuit. Recall that the purpose of regenerative feed- 
back Is to compensate for Intertal power losses within the circuit and that 
without this feedback^ the circuit w111 stop oscillating. 

Other methods besides an LC tank circuit may be used In order to provide 
phase shifting. One such method fctr accomplishing the phase shift Is to use 
a series of RC netiA>rks. Remenber that an RC network Is made up of a 
resistor and capacitor. Also recall that the ICE rule of thumb states that 
the current through a capacitor leads the voltage across It by 90 degrees. 
This means that a capacitor can cause a 90 degree phase shift. In actual 
application^ however^ this amount of shift cannot be realized. This Is due 
to the fact that a resistance Is required In the circuit In order to produce 
an output voltage. Therefore^ when, a capacitor Is combined with the resls- 
tance^the maximum possible phase shift of the voltage across the resistor 
may approach 90 degrees but cannot equal It. 

If you do not remember bow phase shifting is accomplished ty using an RC 
network » refer to lesson 2 of module 12.~ Since one phase shift network 
cannot accompjlsh^a 90 degree phase shifty It Is necessary to use three or 
more' networks In order to achieve ♦*« necessary 180 degree shift. A mlnlmuin 
of three RC networks Is generally used. The schematic diagram shown In 
Figure 1 depicts a 3-sect1on RC phase shift network. 




Figure 1 

3-SECTION.RC PHASE SHIFT NETWORK 
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LIST OF STUDY RESOURCES 
LESSON Z 

RC Phase Shift Osdilatoj; 

To learn the material in this lesson, you have the option of choosing, accord- 
ing to your experience and preferences, anjf or all of the following study 
resources; 

Written Lesson presentation In: 
Module Booklet: 

* 

Sunmary 

Programmed Instruction- 
Narrative 

Student's Guide: 

m 

Summary _, 



Job Program Thirty Tv(0-2 "RC Phase Shift Oscillator" 
Progress Check 

Fault Analysis (Paper Troubleshooting} I.S. 
Performance Test I.S. 

Additional Material (s): 

Audio/Visual Program Thirty TwO-Z "RC Phase Shift Oscillator" 

Enrichment Materlal(s): ^ . 

Electronics Installation and Maintenance Book , EIMB, (Electronic Circuits) 
NAV5HIPS 0967-000-OlZO 



YOU KAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING CENTER 
INSTRUCTOR: HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARYILY REQUIRED TO 
ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME. 
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The schematic diagram shown in Figure 2 is that of an RC phase shift oscillato 
circuit. 



+ Vcc 




Figure 2 

RC PHASE SHIFT OSCILLATOR CIRCUIT 
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For ease in understanding, each of the networks shown in Figure 1 shows a 60 
degree phase shift. In actual practice, each of the RC networks will 
accomplish phase shifts that are In the vicinity of 60 degrees. You may 
encounter a phase shift network of this type, where two of the networks 
effect a 75 degree phase shift and third network provides the additional 30 
degrees of shifting. The most important thing for you to remember in regard 
to this is that the three netvK^rks combined accomplish the 180 degree shift. 
In addition to the schematic diagram, waveforms are shown immediately above 
each of the RC networks. These waveforms are used to illustrate the concept 
that the amplitude and phase of the input Voltage is modified by each of the 
RC networks. Ihe waveforms show that the amplitude decreases with each 
succeeding RC network. In addition to the waveforms, vectors are shown 
irmnediately to tht right of the schematic diagram. These vectors also 
indicate the ctange of magnitude and phase shift provided by each RC network. 
Even though a 60 degree phase shift is indicated, remember, in actual practice, 
the phase shi^ may be somewhat more or less' than the 60 degrees shown. AUo 
recall that the total shift must be 180 degrees. You will sometimes encounter 
four section networks, and these networks provide approximately 45 degrees 
of phase shift per network. 
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The schematic diagram shown in Figure 3 is that of a va.riable frequency RC 
phase shift oscillator. 

-Vee 




Figure 3 

VARIABLE FREQUENCY RC PHASE-SHIFT OSCILLATOR 



The addition of the ganged variable' resistor allows the output frequency to 
be varied over a limited range. Notice that the variable resistors are part 
of the resistance of the phase shift network. Anotl^r technique which is 
sometimes used to vary -the oscillator output frequency is to use jganged 
variable capacitors. Remember ,/tne actual oscillating frequency of the 

oscillator may be determined by substituting in the formula: Fq = I • 

In this example, the values of each of the RC networks is identical .zTTRCVB 

The oscillator ^circuit shown in Figure 3 provides a pure, nondistprted 
sinusoidal output waveform. Because there is no LC" tank- circuit to smooth 
the sine wave output, the oscillator must be operated in Class A service on 
the linear operating region for the transistor. 

You will have an opportunity to work with an RC oscillator type circuit vAien 
you use the NIDA oscillator as part of your job program for this lesson. 
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The circuit shown accomplishes a 360 degree total phfse shift from base, to 
collector, to base. The RC network accomplishes ISC^jdegrees of the shift, 
whereas transistor Ql , in addition to amplifying the signal, contributes the 
other 180 degrees of phase shift. The amount of arnpli f ication provided by 
the transistor depends on the transistor's voltage gain. 



The phase shifting network of the schematic shown in Figure 2 consists of 
resistors Rl, R2, R3 and capacitors CI, C2 and,C3* Although each RC section 
is capable of providing approximately 60 degrees of phase shifty in actual 
practice the phase shift provided by each of the networks may vary* 
Nevertheless, the three networks together provide a cofiibined shift of 180 
degrees* Components other than those which make up the RC network are for a 
standard common emitter type amplifier* Forward bias for the transistor is 
provided by the voltage divider fryn Vqg to ground through resistors R3, R5, 
and Ft6* This resistance network establishes a voltage at the base of Ql at 
about 0*6 volts positive in respect to the ground* In addition, a small 
amount of negative feedback is introduced by connecting R6 between the 
collector and base of Ql* This degenerative feedback improves the purity of 
the sinewave output signal* R5 functions as the collector load resistor for 
Ql,^ viriiereas the R4-C4 combination provides emitter stabilization action for 
the transistor* Resistor R7 oouples a portion of the collector's signal of 
Ql to the output terminals and isolates the oscillator from the load* 
Concerning" this typfe of circuitry, it is possible to use either NPN or PNP 
transistors* The output pf this oscillator circuit must be sufficient to • 
provjde a regenerative signal of adequate magnitude to compens^^te for 
internal power losses of the oscillator* As you undoubtedly know, if this 
is' not provided, the oscillator will stop oscillating* 

The output frequency of RC oscillators may be changed by changing the values 
of the'resistors and capacitors which make up th'e individual RC networks* 
Increasing the resistance or capacitance of the components which make up the 
network results in a decrease in the output frequency* Conversely, a 
decrease in the resistance "or capacitance of the network canponents results 
in <tn increase in the output frequency* This relationship is shown by the 
formula for the oscillating frequency* 
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PROGRAMED INSTRUCTION 
LtSSON I 

RC Phaie Shift Oscillator 



TEST FRAMES ARE 2, 7, 11, AND 17. PROCEED TO TEST FRAME 2 AND SEF. If YOU 
CAN ANr.Wlll Till QUISTIONS. l OLt OW Till, DIRIXTIONS G'VI:N AFTCR TIC fl'ST 
FRAML. 

(I?) When you previously studied LC oscillators, you learned how the LC tank 

circuit and amplifier accanplish a 360 degree phase shift. You' learned 

that the purpose of this phase shift was to provide regenerative feedback 
I 

fpjT the Oscillator circuit. Remember that the purpose of the regenerative 
feedback is to compensate for internal power losses within the circuit and 
that without this feedback the circuit will stop oscillating. The require- 
ments for a basic LC oscillator circuit are shown pictorially in Figure 1. 



V 



FECDBACIC 



i C 
TANK 




AMP. 



Figure 1 

♦ + 

BASIC LC OSCILLATOR 

Pn this example the tank circuit determines oscillator frequency and 
provides a 180 degree phase shift. The phase shift is shown by the waveforms 
in the diagram. 
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AT THIS POINT, YOU MAY TAKE THE LE«^SON PROGRESS CHECK. IF YOU ANSWER ALL SELF- 
TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY ANSWER 
ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE ANSWER PAGE WILL REFER YOU TO 
THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS 
OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IK YOU FEEL THAT YOU HAVE 
f^AILEDTC UNDERSTAND ALL, OR MOST, OF THE LESSON / SELECT AND USE ANOTHER 
WRITTEN MEt)IUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE), OR 
CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN ANSWER ALL 
SE>.F-T£ST I^EM5 ON THE PROGRESS CHECK CORRECTLY. 
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(2?) THIS IS A TEST FRAME. AFTER VOU ANSWER THE QUESTIONS, COMPARE VOUR 
ANSWERS WITH THE CORRECT ANSWERS ON THE TOP OF THE PAGE FOLLOWING THE 
QUESTIONS. 

1. In a basic LC oscillator circuit, the LC tank and amplifier each 
provide degrees of phase shift. 

a. 60 

b. • 90 

c. 180 

d. 36a 

2. To sustain oscillation, the feedback in an oscillator circuit must be 
a* neutral* - 

b, degenerative. 

c, superlative , 

d, regenerative. 

♦ 

3. Oscillator feedback is necessary in order to 

a* compensate for internal circuit power losses 
b, provide damping for the oscillator ^ 
'c* provide a forward bias for the oscillator transistor, 
d. compensate for power surges/ 
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In addition to providing the required amount of feedback, the amplifier 
circuit provides an additional 180 degrees of phase shift to nake the 
feedback in phase with the tank voltage* 

In a basic LC oscillator circuit, the tank circuit and amplifier circuit 
each, provide degrees of phase shift. 

a. 90 

b. 120 
C. 180 
d. 360 



C. 180 



6\9 
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1. c. 180 degrees 

2. cf. Regenerative 

3. a. Compens^ate for internal circuit power losses 

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS GIVEN ABOVE YOU MAY GO TO TEST 
FRAME 7. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAM SEQUENCE AGAIN 
8EF0RE TAKING TEST FRAME 2 AGAIN, 



3.) Another method for accomplishing a phase shift Is to use a series of RC 



networks. In module 12 you learned that an RC circuit has the capability 
of shifting, the phase of the voltage across the circuit components. 
Remember that In a series reslstlve-capacitive circuit, current leads the 
applied voltage. Stated In very simple tenns, Ep leads E^n by some 
phase angle. It Is possible for one RC network to effect alnost 9 0 degrees 
of phase shift, between Er and Ein- The reason why 90*" of phase shift 
cannot be achieved is that a mininufrr circuit resistance in series with the 
capacitor is roquired to cipvrlop d usable \}hd^v shift voltoytf. 

The maximum amount of phase shift possible with a single HC network is 
almost degrees. 




a. 



45 



b. 60 



c. 



90 



d. 



,180 



90 
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b. decreased 



Since 90*^ of phase shift cannot be provided with a single RC network, 
three or more RC networks must h3 used to accomplish 180** of shift. The 
actual amount of phase shift provided by each individual network is dependent 
on the value of the resistor and capacitor of that particular network. The 
total phase shift provided by a series of networks is equal to.lhe ^um of 
the phase shifts of each individual network. The scheniatic diagram shown 
in Figure 3 is a schematic for a two-section phase shift network. This 
network is shown even though in actual practice a 180 degree phase shift 
could not be accomplished using only two networks. } 



C, / Cj / 

HI— f II 





out 



(0) 



Figure 3 

2-SECTION RC PHASE SHIFT NETWORK 



Next to tho schematic tliaoram arc, voctors showiriD the relative aiiount of 
out|)Mt in eacl> phase. Notice thjt thi' injl|iijt voltage at Kl is lesis than 
the input voltage at Ein> the output at Er2 is still less than the 
output shown at Eri. Although a totals phase shift ot" 120 degrees for the 
two Networks is indicated, in an actual appl icat io^ it could be somewhat 
niore "Or less. • 
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A Single RC phase shift circuit is shown in Figure 2* In addition 



to the schematic, two sets of vectors are shown* 
c 

— 1(- 



-ovt 





£tfi 



SINGLE RC NETWORK 



LARGE PHASE SHIFT 
(Er to Ein) 

Figure 2 



PRACTICAL PHASE SHIFT 
(Er to Etn) 



The vectors Immediately to the right of the schematic show a large amount 
of phase shift with a single RC network* The vectors shown at the far 
^ght .side of the Flyure show a r©re practical phase shift with a single RC 
network* Notice that as the phase shift angle approaches 90 degrees (Er 
to £in) the amplitude of becomes less* The Eh vector approaches 
zero volts as the phase angle between and E^n approaches 90^* Ttie 
amount of phase shift possible using one RC netv;ork is alvfay s less than (<} 
90** 

As the phase angle between Er and E^n Increases, the anplitude of Er 

is . * . . ' 



a* Increased 

b* decreased 

c* doub;^ed 

d* square 
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Figure 4 shows a three-section RC phase-shift networi'.. 



/ .? / 



HI f II 



-In "1 



ER2 

= out 60' "tV I 



ER2 ER1 



(b) 



4 



(a) 



Fi gure 4 

THREE-SECTION RC PHASE-SHIFT NETWORK 
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Since it is impossible for a single RC network to provide 90 degrees of 
phase shifty it is also impossible for two networks to provide a total of 
180 degrees of phase sfiift. For this reason at least three RC networks 
must be used in order to accofnplish a 180 degree phase shift* 

In order to accomplish a 180 degree phase shift, a minimui:i of RC 

network(s) must be used* 

a* one 

b. two 

c* ^ three 

d* four 



c, three 
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THIS IS A TEST FRAME, AFTER YOU ANSWER THE QUESTIONS^' COMPARE YOUR 
ANSWERS WITH THE CORRECT ANSytfiS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE 
QUESTIONS, 

/ 

1* When a group of RC networks are connected in series* the total phase 

shift of the networks Is equal to the of the Individual network phase 

shifts* 

a* product 

b* di fference 

c* square 
* d* sum 

2* Thp output v/avefonri amplitude of an RC phase shift network Is 

with each successive RC staye* 

a* increased 

b* rectified 

c* held constant 

d* reduced 
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Phase*.shift wavefomis are shown immediately above each RC network In Figure 
4, Amplitude reduction Is also indicated by the varying size of the 
v/avefonn* Remember, output amplitude decreases with each RC network* In 
,this example, the amplitude of the output at R3 Is considerably less than 
the signal initially applied to the circuit at E^,^* Although the vectors 
and waveforms are not drawn exactly to scale, they do illustrate the concept 
of amplitude reduction and phase shift. 

In the example, a phase shift of 60 degrees for each network is indicated. 

Although the waveforms and vectors "^indicate that each network provides a 60 
degree phase shift, in actual practice the phase shift of each of the RC 
networks will vary. However, the total phase shift of three networks 
connected in series is 180 degrees^ For example, if Rl-Cl and R2-C2 each 
effect fly^hase shift of 70 degrees, then the combination R3-C3 will provide 
an additional 40 degrees of phase shift. 

If two sections of a three section series-connected RC network* provide 50 
degrees and 60 degrees of phase shift respectively, the third section must 
provide degrees of phase shift to achieve a total 180 degree shift. 

a. 60 , 

b. 70 

c. 80 

d. 90 



b. 70 ■ 
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1. d* sum 

2. d* reduced 

3. d. 60 degrees 

4. a. Cl-Rl 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS GIVIiN ABOVE, YOU MAY GO TO TEST 
FRAME 11. IF YOUR ANSWERS DO NOT MATCH, GO BACK TO FRAME 3 AND TAKE THE 
PROGRAM SEQUENCE AGAIN BEFORE TAKING TEST FRAME 7 AGAIN, . 

(s^ Ttie frequency which produces 160'' of phase shift in networks may be 
varied by chanying the value of the netv/ork resistors or capacitors* 

. Recall that the total phase shift of a series of RC networks is the sum of 
the phase shift of each individual network. 

The schematic didgram shown in Figure 5 shows four RC networks connected in 
series* In this case each of the networks contributes approximately 45*" 
of phase shift. RC phase shift, networks with more than four sections 
are seldom' used* The primary advantaye of using additional RC networks is 
incroasotl circuit sLaliiliLy* 




Figure 5 
FOUR-SECTIJON RC NETWORK 
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REFER TO THE SCHEMATIC SHOWN BELOW WHEN ANSWERING gUESTIONS 3 AND 4. 

1 




3. The phase shift provided by the network R3-C3 i<; degrees. 

a. 90 

b. 80 

c. 70 

d. 60 

4. With the input wavefonn shown, the niaxinuM signal aniplitude 6ccurs at 
the junction of 

a. Cl-Rl 

b. C2-R2 

c. C3-R3 
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TM- schematic diagraa shown in Figure 6 is that of an RC phase shift 
oscil lator. + vee 




Figure 6 

RC PHASE SHIFT OSCILLATOR CIRCUIT 
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The main advantage of using more than three RC networks to effect a phase 
shift is 

a* more components can be used. 

b. Increased circuit stability. 

c. less voltage is required. 

d. DC can be used. 

b. Increased circuit stability 
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R5 i% the collector load resistor for the transistor. 

Each of the RC networks shown in Figure 6 provides approximately 
degrees of phase shift and the transistor provides an additiona-l 
degrees of phase shift. 

a. 60, 90 

b. 60, 180 

c. 45, 90 • , ^ 

d. 45, 180 

b. 60, 1$0 
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In this case, the phase shifting network consists of resistors Rl , R2,and 
R3 and capacitors CI, C2 and C3* This circuit uses the nnnimuni number of 
three RC networks to effect a 180 degree phase shift. The remaining 180 
degree phase shift is accomplished by the amplifier Ql* Notice that these 
cotfiponcnts make U[) n standard, coiranon oririttrr type anijil i f ier. The amplifier 



circuit, by the inverting action of Ql, produces the additional 180 degrees 
of phase shift required for oscillation to occur* The RC network and Ql 
each prOvTde 180 degrees of phase shift* A total shift of 360 degrees ic 
therefore , provided by this Circuit* 



a* 45 

b, 90 

c* 120 

d* 180 



d* 180 



(lOp Ref?r again to the schematic shown tn Figure 6* In this case, Ql 
aniplifiGS the signal apolied to its base and provides a 160 degree out-of* 
pfi<*se signal at its collector. Class A o[)eration ()f the circuit is secured 
by RO, K6 and R? which ^jrovide about 0*6 V forv/ard bias for Ql. 

R4 and C4 provide the necessary emitter stability for the transistor. R6 
is connected to the collector of vl vice Vcc. This arrangement-Jntroduces 
a Small amount of degenerative feedback to the circuit ^.to improve the 
purity of the output waveforn* 



/ 



Transistor Ql provides 



degrees of phase shi ft* 
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^ THIS IS A TES/ FRAME. AFTER YOU ANSWER THE QUESTIONS, COMARE YOUR 
ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING 
QUESTIONS. 



REFER TO THE SCHEMATIC BELOW WHEN ANSWERING THE TEST QUESTIONS. 

1 + Vcc 



C 1 C 2 "C 3, 

— 1 1 T ! H? I ^ 
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1. c. three 

2. d. 180, 60 

3. c. Increases circuit stability 



Thirty^Two-2 



IF YOUR ANSWERS MftTCH THE CORRECT ANSWERS GIVEN ABOVE, YOU ''^Y GO TO TEST 
FRAME 17. IF YOUR ANSWERS DO NOT MATCH, GO BACK TO FRAME 8 AND. TAKE THE 
PROGRAMMED SEQUENCE AGAIN BEFORE TAKING TEST FRAME 11 AGAIN. 



12j Refer to the schematic shown in Figure 7. 

+ VCC 



1 



C 1 C2 C 3 

HhHhH 





ho. 



Figure 7 

RC PHASE SHIFT OSCILLATOR CIRCUIT 
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1, The ocniator circuU RC phase-shift network is made up of 



individual RC sectlon(s)* 



one 



b, tW) 



three 



four 



2, Ql provides 



degrees of phase shift and each of the networks 



provides approximately 



degrees of shift* 



a, ■ 90, 60 

b, 180, 45 
c}^90, 90 

180, 60. 

3* The nunber of RC netv/orks in a ISO'' phase-shift circuit may be increased 
in order to r _ „ 
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The output wavefor 

a. square 

b. sawtooth 

c. . si-ne 
peak 



of an RC Dscil lator Is a 



wave 



c. sine 

The output frequency of an RC oscillator may be changed by changing 
the resistor or capacitor values of the individual networks which inake up 
the phase shift part of_^ the oscillator. The schematic shown in Figure 8 is 
that of a variable frequency RC phase shift oscillator. 



-VCC 




TimiNO 

Figure 8 

VARIABLF fRCUULNCY rHASC-SfUFT OSCILLATOR 
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When power is applied, current flov/s through the circuit components ana Ql, 
This current flow generates a type of electronic signal called "noise*" 
This noise signal is felt on the base of Ql> amplified, and shifted 180 
degrees on the collector of the transistor* Because the noise signal 
contains a number of frequencies, it is sometimes called "random in frequency 

A signal vjhich contains a large number of random frequencies is often 
referred to as a signal* 



"noise' 



n) Refer again to the schemtic in Figure 7* The signal f^n Ql's 
collector is now fed through the RC phase-shift network and one of the 
noise frequencies is selected and shifted 180**^ and returned to tht^ base of 

This signal is in phase with the original input signal due to the 
total circuit phaso shift* At this time oscillation begins^ the frequency 
is amplified and the cycle is repeated* Whenever this happens the signal 
amplitude is increased until finally a stable operating level reached* 
The amplitude or operating level of the output signal^ is determineri by the 
transistor gain, Vcc, RC values, and other components which make up the 
circuit. The output approximates the sine wave developed by a good audio 
signal generator which you have seen on an oscilloscope. 

RC phase-shift o'^cillators provide stable sine wave output frequenciL. in 
the 15 Hz to 200 kll2 range. The kllZ actual output frequency nay be conjputed 
by substituting values in the formula; Fo * 2TT^ RC * where R and C are 
the values of irfentical phase shift sections* Notice the inverse relation 
between R-C values and the oscillating frequency* If R and C are increased 
the oscillat ing frequency decreases. 
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Because the RC phase shift circuit has no tuned resonant circuitry, it is 
less likely to . 



a- oscillate 

b. damp 

c. drift 

d. shift phase 



c. drift 



(n^ THIS IS A TEST FRAME. AFTER YOU ANSWER THE QUESTIONS, COMPARE YOUR 
ANSWERS WITH- THE CORRECT AMSWERS GIVEN Oi. THE TOP OF THE PAGE FOLLOWING THE 
QUESTIONS. 

1. An RC phase shift oscillator provides a wave output. 

a. sine 

b. saw tooth 

c. peak 
(I. square 

2. The output frequency of a RC phase shift oscillator may be increased by 

the value of the resistors or capacitors used in the j 

network. 

a. decreasing, decoupling 

b. decreasing, phase shift 

r 

c. increasing, decoupling 

d. increasing, phase shift 
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In this example, variable ganged resistors are used to change the oscillator 
output frequency* It is also possible to vary the output frequency by 
Using ganged variable capacitors* Again refer to the schematic In Figure 
9. By increasing the resistance of Rl, R2, and R3 the output frequency Is 
reduced. Reducing the values of the RC network resistors will Increase the 
output frequency of the oscillator* 

The output frequency of a variable frequency RC phase shift oscillator my 
be increased by the value of the variable resistors* 

decreasing 



15y Again refer to the schematic shown in Figure 9* When the value of 
capacitors CI, C2, and C3 is increased, the frequency of the oscil lator 'i s 
decreased* Of course reducing capacitance will increase theWrequency of the 
oscillator* Study the schematic and make sure you understand how changing 
the values of the RC network resistors and capacitors effects outpu^^ frequen- 
cy* Notice that a PNP type transistor works just as well as the NPN type* 

The output frequency of an RC phase shift oscillator may be varied by 



changing the values of the RC network resistors and capacitors 

(fe^ RC phase shift oscillators have several advantages over other types of 
oscillators* Besides being simple, lightweight, and inexpensive, the RC 
phase shift oscillator is very stable. This is due to the fact that the 
circuit has no tuned resona^ circuits and, therefore. Is not as susceptible 
to detunirg or drifting* 
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1. a. sine 

2. b. decreasing, decreasing 

3. b. increase 

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PROGRAMMED 
INSTRUCTION FOR LESSON 2, MODULE THIRTY TWO. OTHERWISE GO BACK TO FRAME 12 
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 17 AGAIN. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE Jt)B PROGRAM. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RESTUDY THE PARTS OF TyiS LESSON YOU ARE HAVING DIFFICULTY WITH. IF 
YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, 
SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL 
MATERIALS ( IF APPLICABLE), OR CONSULTATION '^ITH THE LEARNING CEWTER mSTRUCTOR 
UNTIL YOU CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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REFER TO THE SCHEMATIC BELOW WHEN ANSWERING QUESTION 3* 

4» Vcc 




3* If C2 decreoseSj assuming oscillations continued, the outf it frequency 
would 

a. remain the same^ 

b* increase. 

c* decrease* 
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The drawing shown in Figure 2 illustrates how the LC tank circuit effects 
the phase shift* This 180^ phase shift 1s comparable to the phase shift 
resulting from transformer action* 




Figure 2 
TANK CIRCUIT PHASING 



Recall that in phase or regenerative feedback to the tank is required in order 
for oscillation to take place* The feedback must also be of sufficent magnitude 
to cofnpensate for power losses in the tank and the oscillator circuit* 

Although regenerat ve feedback is necessary to trigger and sustain oscillation, 
the LC tank o<^ci]lator is not the only circuit used to acccjmpl ish phase shifting 
and frequency selection* The phase shifting properties of a series of RC . 
networks may be used* A simple, single RC network is shown in Figure 3* 




Figure 3 

RC PHASE-SMif T CIRCUIT 

The RC phase shift network has several advantages over the LC tank* Besides 
being simple, lightweight, and inexpensive, it is also very stable* Because 
it has no resonant circuit^lt is less susceptible to detuning or drifting* 
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NARRATIVE 
LESSON 2 

RC Phase Shift OsciUator 



In your previous study of oscillators you learned that there are three 
essential requirentents for each LC oscniator circuit* Each LC oscillator 
has a tank circuity an amplifier circuit and provision for regenerative 
feedback, jhis is illustrated pictorially in Figure 1. 




Figure 1 
BASIC LC OSCILLATOR 



Pay particular attention to the waveforms shown in the drawing* Notice 
that both the amplifier and LC tank invert the waveform 180*** These 
coinbined phase Inversions result in a total 360** phase change* As a 
result, the part of the amplifier output, which is returned to the tank 
c cuit, is in phase with the tank signal* This regenerative feedback 
compensates for power losses within the tank circuit* If sufficent regener- 
ative feedback is not provided to compensate for the power loss, the tank will 
cease oscillating* 
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In addition to the schematic diagram vectors showing the amount of outnut at 
each phase are shown* Notice that the output voltage at Rl Is less than the 
Input voltage at and that the outptJt at E)^? is still less than the 
output at L^, In this example, a 120"* phass shift Is shown, 60"* for 
each section* Notice that the output from Rl becomes tie input to the second 
network composed of R2 and C2* Study the vectors associated with Figure 4 
and notice the decrease in signal amplitude the signal passes through 
the RC network/. If you have concluded that the decre^^se in amplitude must 
be compensated for, you are correct* Of course, the method used to compensate 
for this decrease Is to jse an amplifier with sufficient gain to prpvide 
the required regenerative fee<^ack voltage* 

In order to accomplish ^ 180** phase shift, it is necessary to connect a ' 
minimum of three RC phase shift networks ir series* Such a circuit configur- 
ation is shown in Figure 5* ^ 




Figure 5 

THREE SECUON RC PHASE-SHIFT NETWORK 



In addition to 
various stages 
cularly that t 
the signaV ini 
the right hand 
lished by each 
Notice that in 
applied to it 
total of 180O 
RC^network may 



showing the circuit configuration, phase shift waveforms at 
are indicated immediately above the RC networks* Notic*=^ ^^rti- 
he amplitude of the output across R3 is significantly Ir :han 
tially applied to the circuit at Ein* Th^ vectors shr.vn 
side of the drawing indicate the amount of phase shift accotnp- 
Of the pC networks and aUo show the reduction in ampltitude« 
the drawing each RC network shifts the phase of the voltage 
approximately 60*** Therefore, the three sections produce a 
of phase shift* In actual practice, the phase shift of each 
vary, however, the total phase shift of the three networks 



90 



96 



Narrative 



Thirty Two-2 



In Module 12 you learned that an RC circuit has the capability of shifting 
the phase of th^ voltage across the circuit comiionents* Recall that in a 
series resistive capacitlve circuit, the current leads the voltage across 
the capacitor by 90^\ Stated quite simply Er leads Er by 90^, 

Although It Is theoretically possible for one RC network to effect almost 
90** of phase, Shi ft, this is not true in actual practice* The reason 
for this Is that a minimum circuit resistance Is necessary to develop a 
usable phase shifted voltage. 

Because a 90** phase shift cannot be effected with a single RC network, at 
least three RC networks must be used to cause the required 180*' phase 
shift* The amount of phase shift provided by each network is dependent on 
the value of the resistor and capacitor of the network In relation to the 
applied frequency* The total phase shift of the networks is equal to the 
sum of the phase shifts pf each individual network* 

The schematic diagram shown in Figure 4 is for a two section phase network* 
Although a two section RC network cannot achieve a 180^ phase shift, under- 
standing how the two section RC network works will help you understand the 
theory of RC network operation* 




ER2 ER1 



out 



(b) 



Figure 4 
TWO SECTION RC NETWORK 
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emitter stabilization action for Ql. R7 couples a portion of the collector 
signal of Ql to the output terminals. The DC collector voltage on Ql is ( 
approximately one-half the value of Vqq for class A operatic^ri. The signal* / 
applied to the base of Ql results in a 180** out-of-phase signal on the Ql / 
collector. Since the RC network provides a 180*' phase shift and because ^ 
Ql provides an additional 160° phase shift, the total phase shift provided 
by this circuit Is 360**. When power Is applied, current flows through Ql. 
Thisccurrent yener^ites a type of electronic signal called "noise". Noise 
contains many frequencies but only one Is the desired frequency. The noise 
'signal, at. the base of Ql, is amplified and shifted 180*' to the collector 
of Ql. The noise signal from the collector of Ql Is then fed through the 
RC phase* shift network. The RC phase shift network shifts the desired 
frequency exactly 180** and provides an in-phase signal to the base of the 
transistor. At this point the oscillation process begins and the single noise 
frequency is ag$in amplified, shifted in phase by Ql, and fed through the 
three RC phase shift networks. This sequence is repeated until the amplitude 
of the signal is increased and a stable operating level Is reached. The 
operating level is determined by the gain of the transistor, the Rt values; 
and other variables. The output of this circuit is a sine wave frequency 
which IS almost pure in form. It approximates the sine wave generated by 
an audio signal generator which you have observed on an oscilloscope. 

RC phase shift oscillators are normally used to provide stable, fixed 
frequency sine wave output signals in the 15 Hz to 200 kHz range. The 
actual frequency of operation may be determined by the followng formula: ' 
Fo- 1 , where three identical phase shift sections are used. 

The frequency of RC oscillators raay be changed by changing the values of 
the resistors and capacitors which make up the RC networks. If either 
the resistance or capacitance of the components In the. phase shift section 
are increased , the output frequency decreases. A decrease in the resis- 
tance or>capacitance of the RC phase shift network components results In 
an increase In the output frequency. 
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connected in series is 180'*, For example, if networks Rl-Cl and R^-C2 each 
provided 75*" of phase shift the R3-C3 network would provide the remaining 
30*' of shift necessary for a total 180^ shift. Some RC phase shift 
oscillators use four RC networks to accomplish a 180** shift, ^ In this case, 
each RC network produces approximately 45*' of phase shift, RC phase shift 
networks with more i:han four sections are seldom used. The advantage of 
using jnore RC networks is increased stability. 

The schematic shown in Figure 6 is that of an RC phase shift oscillator. 



+ VCC 




Figure 6 

RC PHASE SHIFT OSCILLATOR CIRCUIT 



The phase shifting network of this cirtTuit consists of epual value resistors Rl, 
R2, R3, and epual value capacitors Cl» C2, C3, In this exainple, ^t^cU section 
produces approxinately 60** of phase shift. The roiNfiininy circuit, r.ompfjnrtnl/, 
make, up a standard common emitter aHipHfiern Let's briefly review l\w funtLtori 
of these components, Forv/ard bias for the transistor 1s provided l)y the voltaoc 
divider from V^^ ground through R5, R6 and R3, This resistance networks 
establishes a voltage on the base of Ql at about 6 volts positive with respect 
to ground, R5 acts as the collector load resistor for Ql, and R4-C4 provides 
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AT THIS POINT YOU MAY TAKE THE LESSON PROGRESS CHECK. IF VOU ANSWER ALL SELF- 
TEST ITEMS CORRECLTY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY ANSWER 
ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE WILL REFER 
' YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU CAR RESTUDY THE 
PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU 
HAVE FAILED TD UNDERSTAND ALL, OR MOST, OF THE LESSDN, SELECT AND USE ANOTHER 
WRITTEN MEDIUM DF INSTRUCTIDN, AUDIO/VISUAL MATERIALS (IF APPLICABLE), OR 
CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN ANSWER ALL SELF- 
TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 



4 



narrative Thirty Two-2 

The schematic shown In Figure 7 is that of a variable frequency RC phase 
shift oscillator. 



-VCC 




TUNING 



figure 7 

VARIABLE FREQUENCY RC PHASE SHIFT OSCILLATOR 



The addition of a ganged variable resistor allows the output frequency to be 
varied over a limited range. Notice that the ganged variable resistors are 
part of the total resistance of the phase shift network. 

Another technique sometimes used to vary the oscillator output frequency is to 
use ganged variable capacitors. 

The oscillator circuit shown provides a pure, non-distorted, sinusoidal output 
viaveform. Since there is no LC tank circuit to smooth the sine wave output, 
the oscillator must be operated in Class A service on the linear operating 
region for the transistor. 

As part of the job program associated with this lesson you will have an opport- 
unity to examine the operation of this type of circuit. You will use the NIDA 
oscillator trainer to familiarize you with the RC phase shift oscillator circuit. 
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OVERVIEW 
LESSON 3 

Hien-BHdSfe Oscillator 

In this lesson you will learn about the iJien-bridge oscillator. You will leern 
how phase shifting is accomplished in this type of oscillator circuit and learn 
why this type of oscillator Is used in test equipment arid signal .generators. 
You will also learn how the various components fOnction within the oscillator and 
how this type of oscillator p>ov1des apureslne wave output with excellent fre- 
quency and amplitude stability. 

The learning objectives of this lesson ere as follows: 
TERMINAL OBJECTIVE(S) : ^ ' 

32.3-58 When the student completes this lesson, {s)he win be able to IDENTIFY 
the schematic diagrams, component functions, and operational principles 
of various Wien-bridge oscillator circuits, including the accomplish- 
ment of phase shift, regenerative and degeiierative feedback, frequency 
variation, and automatic gain control* 100% accuracy is required. 

ENABLING OBJECTIVES: 

When the student completes this lesson (s)he will be able to: 

32.3.58.4 IDENTIFY the advantageous characteristics of, and typical applications 
for, a Wien-bridge oscillator by selecting the correct statement from 
a choice of " four. 100% accuracy is required. 

32.3.58.2 IDENTIFY the sections of a Wien-bridge oscillator which accomplish , . 
phase shift and frequency selection by selecting the corr^ect statement 
from a choice of four. 100!E accuracy is required. 

32.3.58.3 IDENTIFY the components of a wien bridge which provide degenerative 
and regenerative feedback by selecting the correct statement from a 
choice of four, 100% accuracy is required. 

32.3.58.4 IDENTIFY the relative amplitudes of the two outputs of a Wien bridge 
at varipus frequencies, given a schematic diagram showing the sizes 
of components, by selecting the correct statement from a choice of 
four. 100% accuracy Is required, 

32. 3. 58. & IDENTIFY the methods by which the frequency of a Wien-bridge oscillator 
may be changed by selecting the correct statement from a choice of 
four. lOOSt accuracy is required. 

32.3.58.6 IDENTIFY the function of components and circuit operation of fixed- 
frequency, variable-frequency and AGC-type Wien-brldge oscillator 
circuits, given a schematic diagram, by selecting the correct statement 
from a choice of four. 100% accuracy is required, 

BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW THE 
LIST OF STUDY RESOURCES ON THE NEXT PAGE. 
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SUMMARY 
LESSON 3 

Mien-Bridge Oscmator 



In your previous study of oscillators yod learned how the Hartley oscillator 
and the RC Phase shift oscillator accomplished 360"* of phase shift. Remember 
that this phase shift Is necessary in order to provide regenerstive feedback 
to initiate and sustain oscillation* 

The Wien*bridge oscillator also requires 360^ of phase shifting. With the 
Wien*bridge oscillator, the phase shift is provided by two arr.plifiers* 
Each amplifier accomplishes 180*^ of phase shifts 

The bridge portion of the oscillator determines the output frequency and 
maintains a constant output amplitude* Figure 1 shows the schematic of 
the bridge circuit together with block diagrams for the two amplifiers which 
make up the remainder of the Wien bridge circuit* 




Figure 1 

WIEN'BRIDGE OSCILLATOR BLOCK DIAGRAM 



Frequency selection in the Uien*bridge oscillator is the result of the 

res1stivo*reactive bridge circuit comprised of capacitors Cj and C2 

and Rj dml R2* The output of this circuitry is a single frequency, 

with zero degree phase shift and iiiaxiniui;i amplitude* All other frequencies 

are effectively eliminated* The regenerative output from the bridge circuit 

is applied to the base of the transistor in the first stage of amplification. 
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LIST OF STUDY RESOURCES 
LESSON 2 ^ 

Wien'Bridqe Oscillator 



Tu learn the material in this lesson, you have the jption of choosing^ 
according to your experience and preferences', any or all of the following 
study resources: 

Written Lesson presentation in: 

^ ^odule Booklet: 

Sumina ry 

Programmed Instruction 
Narrative 

Student's Guide 
Summary 

Pragress Check 
Additional Material(s): 

Audio/Visual Program Thirty Two-3 *'Wien-Bridge Oscillator*' 

Enrichment Material(s): ^ 

Electronics Installation end Maintenance Book (ElMB)(Test Methods and 
Practices), NAVSHIPS 0967-000-0120 
Basic Electronics , NAVPERS 10087-C 



YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 
CENTER INSTRUCTOR: HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY 
REQUIRED TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK.MAY BE TAKEN AT 
ANY TIME. 
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for each other. This leaves only the resistance of Ri and R2* At this 
frequency, the circuit is purely resistive^ no pliase shift occurs, with 
the result that the output voltage Is at niaximum and is greater than the 
degenerative voltage* 

Refer to the right hand side of Figure 2 and notice that when the output 
frequency Is at the oscillator fretjljency, the regenerative voltage Is greater 
than the degenerative voltage. Notice also that the degenerative voltage 
Is shown by the dotted line* Whert the circuit operates at Fo, a maximum 
regenerative feedback voltage Is provided* Because this feedback is greater 
than the degenerative feedback, oscillation occurs and Is sustained* At 
frequencies above the oscillator frequency fFo), the reactance values are 
reduced and C2 becomes the controlling reactance* Recall that In a parallel 
circuit, the smaller resistance ar reactan*^3 controls the circuit* Therefore, 
since the reactance of C2 controls the parallel combination of R2*C2, 
this causes the output voltage to be le?^; than that at the frequency of 
operation* 

The drawing shown In Figure 3 sho\-/s a redrawn version of the Wien bjidge 
circuit together with block diagrans for the two amplifiers which are part 
of the total circuit- 




Figure 3 



WILN-IiKIOGi: OSCILLATOR " 

The two outputs of the bridge circuit are identified as Ei out and E2 
out* El Is the output from the frequency determining section of the bridge 
circuit and this regenerative output is. applied to the base of the first 
amplifier, E2 Is the output from' the voltage divider. Is degenerative, ancf 
applied to the emitter of the first amplifier stage* 
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The remaining components of the bridge circuit, namely, R3 and R4 form 
a voltage divider which provides a degenerative voltage- The Oiitput of 
this circuit is applied to the emitter of the transistor in the first amplifier- 
Because this voltage is applied to the emitter it opposes the regenerative 
voltage applied to the transistor's base* Circuit oscillation occurs only 
when the regenerative feedback .voltage exceeds the degenerative feedback 
voltage* The out-of-phase degenerative feedback voltage ^cts to regulate 
the amplitude of the output voltage and improves the purity of the output 
waveform- Changes in the amplitude of the output signal are automatically 
compensated for by the degenerative portion of the bridge ciruit* This 
is necessary to maintain the output amplitude at a constant level* 

Figure 2 shows the schenidtiw for the frequency determining network of the 
Wien-bridge oscillator together yyith a drawing which shows the relationship 
of the output voltage amplitude to the ^^requency of oscillator operation* 




Figure 2 
FRE(3UENCY DETERMINING NETWORK 



The frequency of the oscillator is determined by the-formula lf21TRjCj> 
where Ri=R2 ^V^2' ^^^^ example, find in many Wien*bridge 

oscillators, Rj ana R2 ^re epual value resistors and Cj and C2 are 
equal value capacitors* The output frequency of the oscillator ma^ be changed 
by increasing or decreasing the resistance or capacitance of R or C in the 
frequency determining portion of the bridge- At frequencies below the oscil- 
lator frequency> the output amplitude of the RC netvjork is less than the 
output amplitude at the frequency of operatton. This is due to the high 
reactance of CI- At one frequency the reactance of Cj and Cj compensate 
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In the Wien-bridge oscillator circuit automdtic gain control (AGC) is used 
in order to maintain the output ajH^litude stability* This is shown in 
Figure 5- 




OEout 



BRIDGE 



AMPS 



Figure 5 

WlEN-BRinCE OSCILLATOR CIRCUIT WITH AGC 



The control is accomplished by substituting a tungsten filament lamp for 
R4 in the degenerative voltage divider circuit part of the bridge* This 
1s shown in the schematic* The }mp 1s designated as DSl* The resistance 
of the lamp varies as the temperature of its filament increases or decreases* 
Any increase in the resistance of ft^ (DSl) results in a higher degenerative 
feedback voltage, whereas any decrease in the resistance results in a smaller 
degenerative voltage. The tungsteti lamp operates much .like an AC voltage 
regulator and maintains a cons'tant output amplitude by varying the amount 
of degenerative voltage appalled to the eniitter of transistor Qi* A thermistor 
may be used instead of tlie lamp* This device is also tanperature sensitive 
and functions like the lamp. Thennistors are availSible with either positive 
or negative temperature coefficients* The circuit application will detemhne 
the type of thermistor which is required* With the Wien*bridge oscillator, a 
thermistor with a positive temperature coefficient is required* 
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The schematic shown in-fiyure 4 is 'that of a cocnplote Wien bridge circuit. 




OEouT 



ERIDGE 



Figure ^ 
WIEN-BRIDGE OSCILLATOR 



In addition to thfe bridge drcuitV the t\to amplifier circuits which accomplish 
the 360'' phase shift are shown* Notice that wavefonns are also indicated 
on'the schematic* Both of the amplifiers in'this circuit are biased to 
operate in Class A service- Recall that this class of operation causes the 
transistor to conduct during the entire input., cycle and produces a distortion- 
free output, Notice particularly th^it the regen^i^ai^ive feedback is connected 
to tfie base of Qi and the degenerative ..feedback is coitnecXed to the emitter 
of the transistor- Recall also that the degenerative feedback opposes the 
regenerative feedback applied to the transistor's base* 



The function of the amplifier stage components is as follows: Foward bias 
for trahslstor Qi is provided by voltage divider R2/R5, while R7/R8 perform 
the same function for Q2. R6 and RIO act as collector load resistors while 
R4 and R9 are emUter resistors for Qi and respectively, C3 functions as 
the inter-stage coupling capacitor and C5 is the output coupling capacitor, 
C4 is the feedback capacitor which couples ^ portion of the output signal 
back to the bridge circuit. 
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PROGRAMMED INSTRUCTION 
LESSON 3 

Wien-Bridge Oscillator 

TEST FRAMES ARE 4, 11, AND 17. PROCEED TO TEST FRAME 4, AND SEE IF YOU 
CAN ANSWri? THi: OUnSTIOKS. FOLLOW Tlir niRFCTIONS'GIVI N AFTFR THE TEST 
FRAME.- 

T?^ In Lessons 1 and 2 of this module you learned how the Hartley oscillator 
and RC phase shift oscillator accomplish 360*' of phase shift. The drawings 
In Figure 1 show the amount of phase shift contributed by eac3^ section of 
these oscillators. 




Figure 1 
PHASE SHIFTING 



Reineinber that unless the phase shift is complete, or 360**, the regenerative 
feedback will not initiate ^r sustain oscillation. If you do not recall 
how the Hartley oscillator or the RC phase shift oscillator accmpllshes the 
360** phase shift, Please refer back to Lessons 1 and 2 of this module. 
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/Since the output frequency of the Wien-bridge oscillator may be changed 
by changing the values of Ci ^nd C2, it is possible to have a variable 
frequency Wien-bridge oscillator^ The schematic for such an oscillator 
is shown in Figure 6* 




Figure 6 

VARIABLE FREQUENCY WIEN-BRIOGE OSCILLATOR 



Notice that the circuit shown in Figure 6 is similar tothe circuit shown 
in Figure 5 except Ci and C2 are ganged and variable which allows the 
output frequency of the oscrllator to be varied. When variable capacitors 
are used in the Wien bridge circuit the frequency may be varied from several 
Hz to over 200 kHz. Again refer to the Schematic shown in Figure 6 and 
notice that PNP transistors may be used. Notice also the waveforms which have 
been superimposed on the schematic to help you understand the operation of 
the Wien-bridge oscillator circuit. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK, QUESTIONS , THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RESTUOY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU 
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT 
ANO USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUOIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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Each of the aoplifiers in the Wien-bridg^ oscillator circuit provides 
degrees of phase shift. 

a. 360 

b. 270 

c. 180 

d. 90 

c. 180 

The components which determine t>ie output frequency of a Wien-bridge 
oscillator are shown in the dotted region, with block diagrams for the two 
amplifiers which form the remainder of the oscillator circuit in Figure 3. 




Figure 3 
W-IEN-BfilDGC OSCILLATOK 
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In order to initiate and sustain oscillation, an oscillator must provide 
degrees of phase shift. - 

a. 60, 

b. 180 
., c. 270 

d. ^360 

d . 360 

The Wien-bridge oscillator provides asinusoidal output with excellent 
frequency stability and a constant output amplitude. Tliis oscillator is used 
most frequently with test and laboratory equipment. To accomplish the necessary 

J 

360° phase shift^the oscillator uses two amplifiers . This is illustrated 
pictorially in Figure 2. 




Figure 2 
WIEN BRIDGE PHASE SHIFTING 



1 



Notice that each of the anplifiers provides ISC'* of phase shift, thus 
the regenerative feedback, v/hlch Is necessary to sustain oscillation Is 
shifted a full 360** and-is In phase with the Input* 

105 

113 



P.I. ■ - Thirty Two-3 

The frequency selection portion of the circuit is made up of CI, C2, Rl, 
and R2. This oscillator uses a resistive-reactive bridge circuit to 
select the oscillator frequency. This will be explained in greater detail 
^in subsequent frames. ^ 

The primary purpose of the resistive-reactive bridge circuit in the 
Wien-bridge oscillator is to 

a. provide regenerative feedback 

b. provide degenerative feedback 

c. determine oscillator frequency 

d. filterthe circuit output 



c. determine oscillator frequency 
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1* c* amplifier 

2, (1, 360*^ 

3, a* bridge 

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 11 
OTHERWISE GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE AGAIN BEFOR^ 
TAKING TEST FRAME 4 AGAIN. 

The schematic diagram shown in Figure 4 is that portion of the Wi en- 
bridge oscillator circuit which determines the output frequency and also 
provides degenerative feedhack to maintain a constant output amplitude. 




FiguriB 4 
WIEN BRIDGE COMPONENTS 



The resistive capacitive voltage divider of the bridge circuit consisting 
of Rl, Cl» R2 and C2 determines the output frequency of the oscillator. 
In this example, and most Wien-t*l"1dge oscillators^ Rl and R2 and CI and C2 
are of equal value* 

Resistors 1?3 and R4 form a resistive voltage cflvlder to provide an out-of- 
phase degenerative feedback voltage* 
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(4?) THIS IS A TEST FRAME, COMPLETE THE TEST QUESTIONS AND COMPARE YOUR ANSWERS 
WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE QUESTIONS, 

1* A Wiefi-bridge oscillator accomplishes the necessary phase shift with 

a, RC networks 
- b, tank circuits 
c* amplifiers 

d* rectifiers ^ 

2* A phase shift of _^ degrees is necessary to initiate and to 

sustain oscillation* 

a, 90 ' 

b, 180 

c, 270 

d, 360 

The output frequency of a Wien-bridge oscillator is determined by the 
circuit* 



a, bridge 

b, ampl ifier 
c* rectifier 
d* decoupl i ng 
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The output frequency may be increased by decreasing the resistance or 
capacitance. Increasing the. resistance or capacitance results In a 
clecrease In the output frequency of the oscillator. 

The output frequency of a Wien-bridge oscillator may be increased by 
the resistance or capacitance of the bridge circuit. 

a. increasing ' 

b. decreasing 



b. decreasing 



^TTj The degenerative feedback of the Wien-bridge oscillator circuit is 

provided by the resistive voltage divider consisting of resistors R3 and 
.R^. This is shown In Figure 6. 



/ 




FEEDBACK 



REQENPtATlVE 



DEGENERATIVE 




Figure 6 
DEGENERATIVE FEEDBACK NETWORK 
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A Wien-bridge oscillator uses a , circuit to accomplish frequency 

selection. 

a. transformer 

b. LC tank 

c. resi stive-capacitive bridge 

d. inductlve-capacitive bridge 



c. resistive'Capacitive bridge 

The schenatic shown in Figure 5 is the portion of the bridge section 
of the oscillator circuit which determines oscillator frequency. 




Figure 5 
FREQUENCY DETERMINING NETWORK 

The frequency of the Wien-bridge oscillator is ^jetermined by the formula 
Fo ' 2 T[^ " c J where R and C are the components in the series or parallel leg 

of the bridge ( usually Rl equals R2 and CI equals C2)^ 
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Figure 7 shows the frequency determining components of the Wien-bridge 
oscillator, an equivalent RC network and a diagram which shows tlje relation- 
ship of the output voltage compared with the output frequency below Fo . 



lOOKil -rCi 
10K A 5 Rl 
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♦■To Q 1 



Ci iiooK n 



-ToQI 



Eout 



R2? 10K A 




Frequency of Ein- 



la) (b) ■ ' 

Figure 7 
EQUIVALENT CIRCUIT BELOW Fo 

The action of the RC frequency determining components will now be explained. 
These components act in a nanner which provides one output frequency that 
has a maxinum amplitude and zero decrees of phase shift. Let's see how this 
Is accompl 1 shed. 

At frequencies below the oscillator Fo, the output from the RC network 

will be less than 'maximum with a leading phase angle. This is primarily 

due to the high reactance of CI and can be understood by noting the 

approxirtiate values on the diagram. Notice in 7(a) that the reactance of CI 

becomes larqer than the resistance of Rl. This makes the R-C circuit appear 

Uke thn equivalent of Figure 7(lj}, where most of the voltage is dropped across CI. 
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This divider forms part of the bridge circuit and its output provides the 
input voltage to the emitter of the transistor in the first amplifier. 
Since this voltgage is applied to the emitter it opposes the voltage 
applied to the transistors base* 

Oscillation occurs in this circuit only when the regenerative feedback 
voltage exceeds the degenerative feedback voltage* The out-of-phase 
degenerative feedback voltage acts to regulate the airplitude of the output 
voltage and improve the purity of the waveform* Any change in the ampli- 
tude of the output signal will be automatically compensated for by the 
defjenerative portion of the bridge in a manner that will help to maintain 
output amplitude constant* 

Degenerative feedback acts to the output amplitude* 

a, regulate 
b* dissipate 
c* amplify 
d* increase 

a* regulate 
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At frequencies' above Fo, the outpilt voltage is less than maximum because 

of the low reactance of capacitor __. 

a. CI _ 

b. ;c2 



B. C2 



iOj The schematic for the frequency determining portion of the bridge 
circuit, the equivalent RC circuit, and a diagram showing the relationship 
of voltage output^and oscillator frequency at Fo is shown in Figure 9. 
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Figure 9 
EQUIVALENT CIRCUII-Fo 
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At frequencies below the oscillator^equency, the output voltage of the 
RC network is (less than/greater than) the output voltage at Fo* 

less than : , . 

(9?) Figure 8 shows the frequency determining bridge circuit together with 
the equivalent RC circuit for frequencies above the operating frequency of 
the oscil lator* 



1KA-rCl 



Ein 



10 Kn |Ri Hogging) 
••To Q1 
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Frequency of Ein- 



(b) 

Figure 8 
EQUIVALENT CIRCUIT ABOVE lo 

Now let's examine the RC network at frequencies above the oscillator 

* 

frequency of Fo* The values of the reactance are considerably reduced at 
these higher frequencies, and capacitor C2 becomes the controlling 
reactance. Remember that in a parallel circuit, the smallest resistance 
or reactance controls the circuit* Hence the reactance of C2 controls the 
parallel combination of R2-C2 and causes the output voltage to become less 
than that at Fo with a lagging phase angle* 
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^T^ THIS IS A TEST FRAME. ANSWER THE TEST QUESTIONS AND COMPARE YOUR 
ANSWERS WITH THE ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING IMF TEST 
QUESTIONS. 

REFER TO THE SCHEMATIC DIAGRAMS SHOWN BELOW WHEN ANSWERING QUESTIONS 1, 
AND 2. 



9 Ein 
=J= 10'<A 

Rl SlOKn 



AC OUTHJT 
— » 



iokh sRi 



10K 



.R2 
10KA 



T 




AC OUTHJT 




100 K A 



AC OUTPUT 



1* The circuit which provides maximum AC voltage output is 

a* one 

b, two 

c * th ree 



2, Which circuits will provide an output voltage which is less than the 
voltage at Fo? 

a, one- two 

b* two-three 

c* one-three 
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At Fo, the reactance of CI and C2 compensate for each other, leaving only 
the resistance of Rl and R2, Since this equivalent circuit Is purely 
resistive, no phase shift occurs* The output voltage Is maxinium at this 
tire and greater than the degenerative voltage output from the other lf?g 
of the bridge* Since the circuit Is operating at Fo^a maximum regenerative 
feedback voltage is provided* Since this feedback is greater than the 
degenerative feedback, oscillation occurs and Is sustained* 

Study the diagram on the bottom of Figure 9 in order to answer the 
following question* 

Maximum feedback voltage is achieved * 

a* below output frequency * 

b, above output frequency 

c* at the oscillator's output frequency 

c* at the oscillator's output frequency 
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1. a. one 

2. b. tv/o-three 

3. b. decreasing 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TUST FRAMt 17 
OTHERWISE, CO BACK TO FRAMC 5 AMD TAKE THE PROGRAMMED SEQUENCE AGAIN 
BEFORE TAKING TEST TRAME 11 AnAIN. 



12^ The drawing shown in Figure 10 is a re-drawn Wien bridge circuit, 
together with block diagrams for the Uiq amplifiers v;hich are part of the 
total circuit. 




Eout 



Figure 10 
WIEN-BRIDGE OSCILLATOR 
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(l3^ The drawing shown in Figure 11 shows the relationships of the regenerative 
and degenerative feedbacks to the output frequency {Fo). f 



Eout 




DE6EKERATIV£ FEEDBACK 



REGENERATIVE 
FEEDBACK 



FREQUENCY 



Figure II ^ 
FEEDBACK VOLTAGE OUTPUP RELATIONSHIP 

Degenerative feedback is shown with a broken horizontal line. This voltage 
is constant and is not frequency sensitive like the regenerative feedback. 
The regenerative feedback Is shown with a solid line- 
Recall that the amount of degenerative feedback Is determined by the 
action of the resistive voltage divider made up of R3, and R4. This 
degenerative voltage may be changed by changing the ratio of R3 and R4. 
The degenerative feedback voltage may be increased by increasing the 
resistance of R4 or decreasing the resistance of R3. 
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Notice that two outputs from the bridge are shown identified as El aind E2 
out. El 15 the output fron the frequency determining portion of the 
bridge circuit, is regenerative and is applied to the base of the first 
amplifier* E2 is the output from the voltage divider, is degenerative, 
and is applied to the emitter of the first amplifier stage* 

The output of the frequency determining network (El out) is regenerative 
feedhack necessary to sustain oscillation* The output of the voltage 
divider (E2 out) is degenerative and opposes the input signal to the 
amplifier* This feedback ensures amplitude stability* Both types of 
feedback are necessary in order for oscillation to occur at tlie selected 
frequency* 

The Wien bridge usgs both and lype of feedback in 

order to oscillate properly and insure that oscillations occur only at the 
selected output frequency* 
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(h^ Figure 12 shows the schematic for a complete Wien-bridge oscillator 
circuit. Besides the bridge circuit the two amplifier circuits which 
effect the 360** phase shift are shown (inside dotted Vines). 




BRIDGE 



AMP2 



Figure 12 
WIEN-BRIDGE OSCILLATOR 

Both of the amplifiers are biased to operate in class A service. Remember 
that this class of operation causes the transistor to conduct during the 
entire inputs cycle and produces a distortion free output. NotMce also 
that the r, 'generative feedbacf: is coitnected to the base of Ql ami the 
degeneraLivt^ fpedb^k is connected tn Ll>t^ L-finlti^r of H<Mnniiibi*r Ihal 
this feedback opposes the regenerative feedback applied to the base of 
Ql. 



In a wien bridge circuit the 



base of transistor Ql and the 

emitter* 

a. "^ degenerative, regenerative 

b. regenerative^ degenerative 



feedback is connected to the 
feedback is connected to the 



b. regenerative, degenerative 
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Refer to the diagrajn and notice t^at the degenerative feedback voltage 
exceeds the regonciraLive voltdyi? dt tinios except when thu rogenerdt fvc 
feedback Is In phase with the oscillators output frequency. At this time 
oscillation occurs. Whenever degenerative feedback exceeds regenerative 
feedbackjOsclllatlon ceases. 

Oscillation occurs Vihen the regenerative feedback Is 

the degenerative feedback. 

a. greater than 

b. equal to 

c. less than 



a. gr^gter than 
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positive or negative temperature coefficient. The application detennines 

the type required. -The Wien-bridge oscillator circuit requires the use of 

one with positive temperature .cdefficfent. ^ 

When the current throucih OSl decreases, the resistance of the lamp 



a. increases 

b. decreases 

c. remains constant 



b. decreases 



The schematic shown in Figure 14 is that of a variable frequency 
Wien-bridge oscillator. In this case capacitors CI and C2 are ganged and 
varying their capacitance results in a variat>le output frequency. 
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Figure 14 

■VARIABLE FREQUENCY WIEN-BRIDGE OSCILLATOR 
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^15^ In order to niaintain the output amplitude stability of the Wien-bi^idge 
oscillator^ Automatic Gain Control (ACC) is used* Contrnl is improved by 
subslitutincj a tunqsten filament laiit(^ for resistor M in the voltacje 
divider circuit* This is shown in Figure 13* 



BRIDGE 




AMP 2 



Figure 13 
WIEN-BRIDGE OSCILLATOK WITH AGC 



Thft lamp has the property of varying its resistance as its temperature/ 
vari^* VJtjen the temperature increases^ the resistance of the lamp also 
incrf^ases* In other words it has a positive temperature coefficient* Any 
increase in the resistance of R4 (DSl) results in a fiigher degenerative 
feedback voltage* This means there is more opposition to the regenerative 
feedback* A decrease in the resistance of R4 results in a smaller degener- 
ative feedback voltage* In effect the tu'igsten lamp functions like an AC 
voltage regulate^ and maintains a constant output amplitude* The lamp 
may be replaced^/ith a "thermistor*"* This device is also heat sensitive 
and functions like the lamp* Themislors are available with either a 



I Sy^C 
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THIS IS A TEST FRAME. ANSWER THE TEST QUESTIONS A^JD COMPARE yOUR 

ANSWERS WITH THE ANSWERS GIVEN AT THE TOP DF THE PAGE FOLLOWING THE TEST 
QUESTIONS. 



Refer to the schematic shovjn below vrfien answering questions 1 through 7. 




1. The components vrfiicli determine the output frequency of the Wien-bridge 
oscillator shown are 

a. Ql, 02. and RIO 

b. R3 and R4 

c. R3, R4, R6, and Ql 

d. Rl, R2, CI, and C2 

2. The components, which determine the amount of degenemive feedback are 

a. Rl and R2. 

b. R3 and R4 (DSl). 

c. R3 and R5. / 

d. R4(0S1) and R6. 
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By using variable capacitors^the oscillators frequency may be varied from 
several Hz to over 200 kHz* 

Refer again to the schematic and notice that PNP transistors may also be 
used* Also notice the waveforms which have been superimposed on the 
schematic to help you understand the operation of the circuit* 

No respionse required 
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1 


a. 


Rl J R2 J CI and C2 


2. 


L 


R3 and R4 (DSI ) 


3. 




DSI (R4) 


4. 


c. 


180 


5. 


a. 


reyenerative 


6.- 


b. 


degenerative 


7. 


c. 


180 degrees out of phase 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PROGRAMMED 
INSTRUCTION FOR LESSON 3, MODULE THIRTY-TWO. OTHERWISE GO BACK TO FRAME- 12 
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 17 AGAIN. 

AT THIS POINT, YOU KAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT" YOU 
CAN RESTUDY THE PARTS OF TH:S LESSON YOU ARE HAVING DIFFICULTY WITH. IF 
YOU FEEL THAT YOU HAVE FAILilD TO UNDERSTAND ALL, OR MOST, OF THE LESSON, 
SELECT AND USE ANOTHER WRITTEN MEDIUM Of INSTRUCTION, AUDIO/VISUAL MATERIALS 
(IF APPLICABLE), OR CONSULTATION WITH fm LEftKJING CENTER INSTRUCTOR UtfTIL YCO 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECXLY. 
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3. The component which provides automatic gain control is 

a. Ql 

b. R5 

c. DSl (R^) 

d. R^., 

4. Ql and/Q2 each provide degrees of phase shift 

a. 60 

b. 90 

c. 180 

d. 360 

5. What type of feedback is felt at the base of Ql? 

a. regenerati ve 

b. degenerative 

c. in phase 

d. superfluous 

6. The feedback at the fitter of Ql is 

a. regenerati ve 

b. degenerative 

c. in phase 

d. Superlative 

7. The output waveform from the collector of Ql is with the 

input waveform 

a. in phase 

b. 90* out' of- phase 

c. 180* out of-phase iQ^f 

d. 270'* out-of-phase 
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The Wien-bridge oscillator uses a resistive-reactive bridge circuit to 
select a single oscrllator frequency. This c1 rcuit^ together with block 
diagrams for the two amplifiers which form the remainder of the oscillator 
clrcuit^ls shown in Figure 2. 




The resistive reactive voltage divider of the bridge circuit consisting of 
Rl, CI, and R2, and C2 determines the output frequency of the oscillator. 
The frequency at which the circuit oscillates is determined by the values 
of the components used In the RC portion of the bridge. The product of Rl 
times CI is equal to R2 times C2^ In most Wien-bridge oscillators the 
resistors and capacitors are of equal value. Therefore, Rl equals R2 and 
CI equals C2. The actual operating frequency of the oscillator may be 
computed by substituting in the formula: F^^ * 1 , Rj^aHgand 

This Is true where Rl equals R2 and CI equals C2. The frequency of operation 
may be changed by changing the resistance or capacitor values. The oscillators 
output frequency may be increased by decreasing the resistance or the 
capacitance. If the resistance value or capacitance value Is increased^ 
this wtll result In a decrease in the oscillator output frequency. 
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. NARRATIVE 
LESSON 3 

Wien-Bridge Oscillator 



The Wien-bridge oscillator Is a variable frequency oscillator that Is often 
used for test equlprncnt and laboratory equipment. This type of oscillator 
provides a sinusoidal output which has exceptional stability and almost 
constant output amplitude over the audio frequency and low radio frequency 
rango. 

In your previous study of oscillators you learned that a 360** phase shift 
Is necessary to provide regenerative feedback. You also learned that 
feedback Is necessary in order to Initiate and sustain oscillation. Recall 
•that the Hartley oscillator used an LC tank to effect 180** of phase shift 
and that the phase shift oscillator used aa network to effect 180'' of 
phase shift; In both cases a total 360** phase shift Is accomplished. The 
Wien-bridge oscillator uses two amplifiers to accomplish the 360** phase 
shift. This is Illustrated pictorially in Figure 1. 




Figure 1 
BASIC WIEN BRIDI^ FEEDBACK 



With the Hien bridge circuit, each of the ampllfleis provides 180*^ of phase 
shift for a total of 360**. This provides a regenerative feedback which Is 
both necessary to Initiate and sustain oscillation ar>d is ir> phase with the 
input. However* this principle applies to all frequencies. 



131 



Narrative 



Thirty Two*3 



The frequency selection process action of the voltage divider at frequencies 
below and above Fo will now be explained. Figure 4 shows the frequency 
determining network of the Wien^brldge oscillator together with a diagram 
which shows the relationship of the voltage output and oscillator frequency. 




Figure 4 
FREQUENCY DETERMINING NETMflRK 

The RC frequency determining components function to provide one output 
frequency which has a maximum amplitude with zero degrees phase shift. 
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Besides determining the output frequency of the oscillator^ the bridge 
circuit provides degenerative feedback to maintain a constant output 
amplitude* Resistors R3 and R4 form a resistive voltage divider and provide 
the out— of-phase degenerative feedback. These components are enclosed with 
broken lines in Figure 3* 




Figure 3* 



WIEN BRIDGE CIRCUIT 



The output of this divider provides the input voltage to the emitter of the 
transistor in the first amplifier stage. Because this voltage is applied 
to the emitter, it oppo«s the voltage applied to the transistor^ base* 
Oscillation only occurs in this circuit when the regenerative feedback 
voltage exceeds the degenerative feedback voltage. The out-c*-phase degenera- 
tive feedback voltage acts to regulate the amplitude of the amplifier 
output and improve the purity of the waveform* Changes in the amplitude of 
the output sign<il are automatically compensated for by the degenerative 
portion of the bridge circuit in such a way that the output remains constant. 
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The diagram drawing shown in Figure 6 is a redrawn Wien-bridge circuit, 
together with block diagrams for the two amplifiers which are part of the 
total circuit. 




Figure 6 ^ 
REDRAWN WIEN-BRI06E OSCILLATOR 



Two outputs from the bridge portion of the circuit are shown* They are 
identified as El and E2 out* The output from El, the frequency determining 
portion of the bridge circuit Is regenerative and is applied to the hase of 
the first ampl Ifler* The degenerative feedback resulting from the action of 
the voltage divider Is applied to the efnitter of the first amplifier Stage . 
Since this voltage is applied to the emitter of the first amplifier stage It 
opposes voltage applied to the base of the amplifier. Roth regenerative and 
degenerative feedback are necessary in order to assure oscillation at the 
selected frequency* 
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Figure 5 shows frequency determining networks for frequencies below, above, 
and at Fo* 



^Ein^^ 



r 



Ein 



.To Ql 
(leading) 



R2< 10K A 



(lagging) 



10 K A 



(a) 



tb) 

Figure 5 

FREQUENCY DETERMINING NETWORK EQUIVALENTS 




Look at the drawing shown in Figure 5a and notice that at frequencies below 
the oscillator frequency, the output of the frequency determining RC network 
Is less than maximum with a leading phase ans'ie* When CI has a high j 
reactance^ the output of the RC circuit is low. As the frequen/Cy 
applied to the RC network Increases, the output voltage also Increases* 
The output voltage reaches maximum value at Fo, the correct oscillating 
frequency* 

Figure 5b shows the effect of higher operating freqiiencies where the values 
of the reactance are less* In this case capacijcor C2 becomes the controlling 
reactance* Recall* that in a parallel circuit ithe smallest resistance or 
reactance controls the circuit* Therefore* wheVi the oscillator frequency 
is greater than Fo^the parallel conbination of Rr-C2 causes the output 
voltage to be less than at the operating frequency with a lagging phase 
angle* 

In Figure 5c the equivalent circuit is shown for Fo* At the operating 
frequency the reactance of CI and C2 compensate for each other* As a 
result of this the equivalent circuit is purely resistive and no phase 
shift occurs* The output voltage then is maximum and greater than the 
degenerative voltage, provided by the other leg of the bridge* Because the 
circuit is operating at Fo and maximum regenerative feedback voltage is 
:^rovided* Because this feedback voltage is greater than the degenerative 
feedback, oscillation occurs 'and is sustained* Make sure you understand how 
the frequency determining portion of the bridge circuit operates before 
proceeding further with this lesson* 
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Figure 8 shows the schematic for the complete Wien-bridge oscillator circuit* 
In addition to the bridge circuit the schematic for the two amplifier 
circuits which effect the 360** phase shift are shown* 




BRIDGE 



AMP2 



OEout 



Figure 8 
WIE^-BRIDGE OSCILLATOR CIRCUIT 



The amplifiers in this circuit are biased to operate in Class A service* 
This class of operation causes the transistor to conduct during the entire 
input cycle and produces a distortion free output* Again notice that the 
regenerative feedback is connected to the base of Ql and^that the degenerative 
is connected to the transistor's emitter* Therefore, the feedback applied 
to the emitter opposes the feedback which is applied to the base of the 
transistor* Study the schematic again and notice that the phase shift 
provided by each of the amplifier stages isj^ a*so shown* 
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The drawing shown in Figure 7 shows the relationship of the regenerative and 
degenerative feedbacks to the output frequency or frequency of operation 
(FO), 



£out 




FREQUENCY 



Figure 7 
FREQUENCY RELATED TO Fo 



The degenerative feedback Is represented with a broken horizontal line* 
This voltage is constant and is not frequency sensitive like the regenerative 
feedback* The regenerative feedback Is indicatedjwith a solid line* Remember 
that the amount of degenerative feedback is detertnined by the action of the 
resistive voltage Jivider made up of R3 and R4* This 'voltage may be changed 
by changing the ratio between the resistors* The degenerative feedback 
voltage may be increased by increasing the resistance of R4 or decreasing 
the resistance of R3* Remember tlie ratio of two components determines the 
degenerative feedback voltage* Refer to the diagram and notice that the 
degenerative voltage exceeds the regenerative voltage at all frequencies 
except when the regenerative feedback Is in phase with the oscillator output 
frequency* At this time oscillation occurs* Any tine the degenerative 
feedback exceeds the regenerative feedback oscillations will cease* 
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tput amplitude stability of the Wien-bridge oscillator may be improved 
ing an automatic gain control (AGC)* The schematic shown in Figure lo 



The ou 
by add 

shows how this may be accomplished 




-CEout 



BRIDGE 



Figure 10 



WIEN-BRIDGE OSCILLATOR WITH AGCj 



Notice that the schematic is identical to the bchematic in the previous 
figure except a tungsten filament lamp has been substituted for resistor R4 
in the voltage divider circuit* The resistance of the lamp varies as its 
temperature varies. When the temperature increases^the resistance of the 
lamp increases, and of course, when the tonijerature decreases the resistance 
will decrease. This type of lamp is said to have a positive temperature 
coefficient. Changes In resistance of R4 (DSl) results in changes in the 
degenerative feedback voltage* when the resistance of R4 increases there is 
an increase in the degenerative feedback voltage and more opposition to the 
regenerative feedback voltage applied to the base of the transistor. A 
decrease in the resistance of R4 results in a smaller degenerative feedhack 
voltage* To see how the lamp regulates, suppose the output voltage amplitude 
increases, this would cause more voltage across R4 with a resulting increase 
in the power consumed by it. When R4 gets hotter, its resistance increases. 
Thfs causes more degenerative voltage to be fed to the ediitter of the first 
amplifier, which decreases the gain pf the stage, thus reducing the output 
to near normal * 
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Up to this point the explanation has focused on the bridge network which is the 
heart of the oscillator. You are already familiar with the other circuit 
components which make up a standard two-stage audio amplifier. You studied this 
In module 19 lesson 2, Now let's connect the bridge circuit to the two-stage 
amplifier and discuss the function of the rsmaining components. Look at Figure 
9. 




Figure 9 
WIEN-BRIDGE OSCILLATOR CIRCUIT 



Both amplifier stages are biased to operate In Class A service. You remember 
that this class of operation .causes transistor conduction during the entire 
cycle of the input signal and produces a non-distorted output* R5 provides 
about 0.6 volt forward bias for Ql, R6 acts as the collector load for trans*^ 
Istor Ql to develop the output signal, R4, of course, Is the emitter resist- 
ance for Ql and the degenerative feedback component, C3 couples the signal, 
phase shifted by 180 degrees Into the base circuit of Q2. 

Biasing resistors R8 and R7 provide about 0,6 volt forward bias for Q2. R9 
provides emitter stabilization while RIO acts as the collector load for Q2. 
C4 couples part of the output signal back to the bridge as feedback to 
sustain oscillations, vhlle C5 couples the signal to the output terminals. 
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY ^ YOU MAY TAKE THE LESSON TEST. IF YOU. INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
Wia REFCR YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT. YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH., IF YOU 
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT 
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLt), OR CONSULTATION WITH 1HE I£ARHIH3 CEJnER INSTFDCTOR UHTEL yco CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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For all intents and purposes the tungsten lamp functions like an AC voltage 
regulator and maintains a constant output amplitude. Another method for 
maintaining the constant output amplitude is to substitute a thermistor for 
the tungsten lanip. The thermistor is also heat sensitive and functions in 
the same manner as the lamp. These devices are available with either a 
positive or a negative temperature coefficient. The circuit application 
determines the type of temperature coefficient that is required. With the 
Hien-bridge oscillator circuit a thermistorwith =^ positive temperature 
coefficient is used. 

The scherjatic ^shown in^Fi^ure 11 is similar to the schematic shown in 
FigurelO except capacitors Cl and C2 are variable. The frequency of the 
oscilUtor may be varied by changing^ or varying^ the capacitance of Cl and 
C2. Notice that the capacitors are gangc^d and because they are variable 
the circuit has a variable output frequency. 




Figure 11 

variable; frequency wien-bridge oscillator 



Using variable capacitors in the bridge circuit allows the frequency to be 
varied from several Hz to over 200 kHz. 

Again refer to the schematic and notice that PNP transistors may also be 
used in the Hien-bridge oscillator circuit. As is with other schematics 
waveforms have been superimposed to help you understand the operation of 
the total ci rcuit. 



Overview 



Thirty Two-4 



OVERVIEW 
LESSON 4 

Blocking Oscillators 



In this lesson you will learn about blocking oscillator circuits. You will 
learn how the blocking oscillator pulses, or triggers, radar equipment, 
computers, and other equipmtnt where a timing pulse is required. You will 
learn how this type of oscillator produces output pulses at precise times. 
You will also learn how the inductive coupling within the oscillator provides 
the necessary regenerative feedback. Besides this, you will leaitn about the 
various componen.ts which make up the oscillator circuit and how these components 
function to provide accurate output pulses. 

The learning objectives of this lesson are as follows: 

TERMINAL OBJECTIVE(S) : 

32.4.59 When the student completes this lesson, (s)he will be able 

to TROUBLESHOOT and IDENTIFY faulty components and/or circuit 
inal functions in blocking oscillator ^^i'-'^^l^^^^f^^-'^test 
I training device, pre-faulted ci'-c"^* """''^aJ",-^,, 
/ equipment, schematic diagram and instructions. 100% accuracy 

is required. 

ENABLING OBJECTIVES: 
' When the student completes this lesson (s)he will be able to:, 

32.4.59.1 IDENTIFY the purpose of blocking oscillators by se^ 

correct statement from a choice of four. 100% accuracy 
required. 

-^•-^ XTep^J^ttSi-Fre^JS^ScH^^ 

of the output pulse of a blocking o^.^V^f °.';«?i;int fr^l l 
diagram by selecting th^ correct value or staterant from a 
choice of four. 100« accuracy is required. 

' M ^ « 7 . lOFNTiFY the functions of components and circuit operation of 
32.4.59 . 3- JO^m^the funct circuit, given a schematic 

^ dfa?lm s?1e.ctlng the correct statement from a choice of 
four. 100% accuracy is required. 

^ A CO A inFWTTFV the circuit and output waveforms of a free-running 
^ oscinaJor bj selecting the correct waveform or 

st^el^St frim a choi« of four' }00% accuracy is required.. 
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LIST OF STUDY RESOURCES 
LESSON 4 

Blocking Oscillators 



To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the following 
study resources: 

Written Lesson presentation in: 

Module Booklet: 

Sumniary 

Programmed Instruction 
Narrative ' 

Student *s Guide: 
Summary 

Job Program Thirty Two-4 ''Blocking J3scillators*' 
Progress Check 

Additional Material{s}: 

Audio/video Program Thirty Two-4 "Free Running Blocking Oscillators'* 

Enrichment Material (s): 

Electronics Installat ion and Maintenance Book , EIMB, (Electronic 
Circui' } NAVSHIPS 0967-000-120" - 
Basic . ?ctronics Vol. 1, NAVPERS lOOflNC 



^OU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUHING THE LEARNING 
CENTER INSTRUCTOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY 
REQUIRrO TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT 
ANY TIME. BEFORE STARTING THE NEXT LESSON YOU WILL BE REQUIRED TO COMPLETE 
THE JOB PROGRAM, PASS THE LESSON TEST, COMPU: Fi: THK KAULF ANALYSIS, PRACTICE 
TRUUllLLSIIUOTlNti AND l*ASS FUL IMJU OimANCI nsr. 
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32-4-59.5 IDENTIFY the ca'&ses of and techniques used to eliminate over- 
shoot or ringing in a blocking oscillator circuit by selecting 
the correct statement from d choice of four* 100% accuracy Is 
requi red- 

32-4,59-6 MEASURE and COMPARE waveforms and voltages In a blocking 

oscillator cirucit given a training device, circuit boards, 
test equipment and proper tools, schematic diagrams, and a job 
. program containing reference data for comparison* Recorded 
data must be within limits stated in the job program* 

32.4.59.7 IDENTIFY the faulty component or circuit TOlfunction in a given 
blocking oscillator circuit, given a schematic diagram and fail- 
ure symptoms, by selecting the correct fault from a choice of 
four- 100% accuracy Is required- * 

*This objective Is considered met upon successful completion of the terminal 
objective. 



BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW 
THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. 
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The pulse transformer differs frocn other transformers in- that it has two 
secondary windings* The second secondary winding is called a tertiatry 
winding* Tertiary means third* The three windings of the pulse transformer 
are wound on the same iron core in such a way that voltages are induced 
into both the secondary and tertiary windings simultaneously* Refer to 
the figure and notice that phasing dots are shown* Therefore, the voHage 
polarity of pins 4, and 6 is identical* The pulse transformer is designed 
and constructed in a special way so it saturates at a low current level* 
Once the transformer is saturated, any fiither increase in current through 
the primary has no effect on the secondary output voltage* This is necessary 
ir the blocking oscillator is to function properly* 

The schematic diagram shown in FTgure 2 is that of a blocking oscillator* 



In may ways, this circuit is similar to the Armstrong oscillator circuit* 
The major difference between the two oscillator circuits is in the frequency 
determining circuitry* Whereas the frequency of the Armstrong oscillator is 
determined by a tank circuit, the blocking oscillator output frequency 
depends on the RC network made up of RI and CI* In both cases, regenerative 
feedback is necessary in order to intiate and sustain oscillation* With the 
blocking oscillator, regenerative feedback is provided by the inductive 
coupling of the transformer's primary and secondary* Forward hias is 
provided by Rl, which is connected between Vcc and the hase of transistor 
Ql , to provide initial conduction of Ql. 





Figure ?. 



BASIC BLOCKING OSCILLATOR CIRCUIT 
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SUMMARY 
LESSON 4 

if 

Blocking Ostlllator 



When you studied oscillators previously, you learned about oscillators that 
provide sine-wave outputs* The blocking oscillator is a special type of 
oscillator that produces a short duration, pulse output waveform* The pulse 
output waveform of the blocking oscillator Is used In radar eQuipment, 
computers, and othef equipment where trigger pulses are required* The blocking 
oscillator generates a very narrow output pulse* 

There are a number of terms that you should become familiar with prior to 
proceeding with the lesson on blocking oscillators* These terms, listed 
below, are also used with radar equipment* 

PULSE WIDTH (PW) Pulse width Is the time from the start of the pulse to the 
end of the pulse* 

PULSE REPETITION TIME (PRT) Pulse repetition time is the time from the start 
of one pulse to the start of the next pulse. It Is measured from the 
leading edge of one pulse to the leading edge of the next pulse* 

PULSE REPETITION FREQUENCY (PRF) Pulse repetition frequency refers tQ the 
frequency at which pulses occur. The frequency is usually stated in, 
cycles per second. 

PULSE REPETITION RATE (PRR) Pulse repetition rate is the number of pulses 
per second (PPSJ* 

The blocking oscillator uses a special type of transformer* This transformer 
is cpnstructed in such a way that it passes a square wave or pulse with a 
minimum amount of distortion* The transformer is called a pulse transformer* 
The schematic diagram for the pulse transformer Is shown in Figure 1* 




Figure 1 

PULSE TRANSFORMER SCHEMATIC SYMBOL 
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The output Wdvefonn of the circuit across terminals 5 and 6 of the transformer 
,is shown in Figure 3. 



mm 
ov 



fx , INDUCTIVE OVERSHOOT 

1 [jyi. — = — _ 



Figure 3 

BLOCKING OSCILLATOR OUTPUT-TERTIARY WINDING ^ 

Examine the waveform and notice the inductive overshoot or ringing effect. 
This IS an undesivable output resulting from the rapid current changes 
through the transformer^ windings. Because these damped oscillations may 
cause problems in other circuits associated with the blocking oscillator, U 
IS necessary to eliminate this inductive overshoot or ringing. 

One technique thot ts commonly used to eliminate the inductive overshoot or 
ringing, is to use clamping diodes as shown in Figure 4. 




Figure 4 

BLOCKING OSCILLATOR WITH CLAMPING DIODES 
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Refer ag^in to the schematic shown in Figure 2. Recause of the positive 
potential resulting from t;'e action or Rl, transistor Ql is forward biased. 
As a result of this bias, wl.in power is applied the transistor conducts. 
Since the resistance between the emitter and collector of Ql is reduced, 
current now flows from ground through Ql, the primary of the transformer Tl, 
and to Vcc. This results in a negative polarity at pin 1 and a positive 
polarity at pin 3 due to the transformer action. The positive signal from 
pin 3 is applied to the base of Ql and increases the transistor*s forward 
bias and the transistor conducts more. This action continues until the 
transistor or the pulse transformer reach the point of saturation. Since 
the pulse transformer is designed to saturate quite readily, the transformer 
reaches the point of saturation before the transistor. 

At the same time current flows through Ql, capacitor CI charges to a voltage 
equal to the secondary voltage of the pulse transformer. When the capacitor 
fs fully charged, the current between the base and eClitter of Ql is reduced 
to a point where the transistor can no longer conduct. In effect, the 
transistor is cut off at this time. In other words, when the charge on 
capacitor Cl reaches maximum, the transistor cuts off. 

Thff"capacitor charge at this time is equal to the peak secondary voltage of 
the transformer's secondary (pin 3-4). At this time, since transistor 
conduction has stopped, the primary magnetic field of the transformer collapses. 
Remember fro^ vour study of inductors that an inductor opposes a change in 
current and therefore, in this case, the inductance will attempt to keep 
current flowing in the same direction. When the magnetic field of the 
transformer primary collapses^the voltage across capacitor Cl and transformer 
secondary (3 and 4) series aid each other and exceed the voltage at Vcc. 
Because the secondary voltage of the transformer is series aided by Cl' s 
voltage^the potential applied to the base of Ql is now negative. At this 
time the transistor becomes reverse biased. | 

Ql remains cut off, or blocked by this reverse bias until capacitor Cl , 
discharges to a point where the voltage at Vcc exceeds Cl's potential. 
Because a transistor is blocked for a significant amount of time during each 
cycle of operation, the circuit is called a blocking oscillator circuit. 
7^e time required for the capacitor to discharge is determined by the time 
clohstant resulting from the interaction of Rl and Cl. If you have difficulty 
understanding how an RC network functions refer to Module 11. Eventually 
the capacitor discharges to a point where the positive Vcc voltage is again 
applied to the base of Ql. When this happens the transistor is again 
forward biased, it conducts and the transformer action produces regenerative 
feedbacks The cycle repeats and once again the circuit oscillates. 
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The bask difference between this circuit and the blocking oscillator 
circuit which you previously studied is that terminal 4 of transformer Tl 
Is returned to Vcc vice firound. An arrangement of this type removes the Vcc 
power source from the discharge path of the capacitor and improves the total 
stability of the circujt. Other than this difference, the operation of *^hc 
NIDA blocking oscillator is essentially the same as a basic blocking oscillator 
circuit. In this case, notice that resistors R2, R3 and R4 function to 
danipen part of the undesirable oscillation of the transformer resulting from 
rapid current variation. 

There are several variations of the basic circuit ; for example, triggered, 
synchronized, divided (count-down) versions of the oscillator circuit. The 
basic distinction between these circuits and the basic circuit Is that tha 
variations require input triggers. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. iF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROCRAM*IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WRL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU 
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT 
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE}, OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, LfrlTIL YOU CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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In this example, a clamping diode CRl is placed directly across termlnaTs 1 
and 2 of the transformer's primary. When Ql cuts off, this diode becomes 
forward biased and the voltage across terminals 1 and 2 of the transformer 
reverses polarity. Because diode CRl has a low resistance when forward 
biased, the inductive overshoot voltage and the ringing is quickly damped 
out. 

Another method often used for reducing the ringing is to connect a diode 
across the output winding of the pulse transformer. This Is also shown in 
Figure 4, This diode, diode CR2, becomes forward biased whenever the output 
voltage at terminal 6 Is negative in relation to terminal 5, Because of the 
diode action, the output Is limited, or clarmiped,to within a few tenths of a 
volt. This results an output waveform that is relatively free of Inductive 
overshoot or ringing. 

Another !T>eans of reducing the ringing action of the transformer is to use 
resistive loads commonly called dampers* In this case, small value resistors 
are placed In series. or shunt with the transfonner secondary or tertiary 
windings. Resistors used In this way absorb some of the oscillations caused 
by the rapid collapse of the transformer's magnetic field. It is also 
possible to use both resistors and clamping diodes. Circuit design character** 
Istlcs determine whether clamping diodes and resistive loads are used 
together or Independently, 

The schematic diagram shown In Figure 5 Is a slight variation of the basic 
blocking oscillator circuit. This Is the schematic for the NIDA blocking 
oscillator which you will use and becpme familiar with when yhu complete 
the job program associated with this l«sson. 




Figure 5 
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(2^ The blocking oscillator, which is sometimes called a pulse repetition 
frequency (PRF) generator, has a nonsi nusoldal output waveform. This oscilla- 
tor Is used to trigger circuits in electronic equipments such js radar, 
computers, and television. It is used where pulses are needed to trigger or 
control other circuits. 

One type of oscHlafor that provides pulses or triggers to control other types 
of electronic circuitry is a(n) oscillator. 



a. 
b. 

c. 



Colpl tts 

Armstrong 

Bl ocking 

RC network 




c. Blocking 



The drawing shown Irr Figure 2 Is a block diagram for a blocking oscillator 
together with possible output waveforms. 
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Figure 2 

FREE RUNNING BLOCKING OSCILLATOR OUTPUT 
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PROGRAMMED INSTRUCTION 
LESSON 4 

BLOCKING OSCILLATOR 



TEST FRAMES ARE 6, 15, AND 21. PROCEED TO TEST FRAME 6 AND SEE IF Y\)U CAN 
ANSWER THE QUESTIONS. FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME. 

your previous study of oscilla^rs you learned about oscillators that 
provide sine-wave outputs. Mention was also nade of oscillators wh?ch provide 
outputs which are not sinusoidal* You studied one such oscillator called a 
multivibrator In Module ,23. Recall that the output from a multivibrator 
circuit is a square or rectangular wave form. Figure 1 shows the block 
diagram for the multivibrator and its output waveform. 



I* 

r 




Figure 1 

FREE RUNNING MULTIVIBRATOR OUTPUT 



No response reguired. ^ -v 
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PULSE WIDTH (PW) - Pulse width is the time from the start of the pulse to the 
end of the pulse. This is shown in Figure 3 with times Tl to T2 and times t3 
to T4. This term is sometimes referred to as pulse duration. 
PULSE REPETITION TIKE (PRT) - PRT U the time from the start of one pOlse to 
the st^»*t of the next pulse* It "^s measured from the leading ed^ of ono 
pulse to the leadinc edge of the next pulse. It Is sometimes referred to 
as pulse rest time. 

Refer to the dr^awing shown In Figure 4 and label the Pulse Width and the Pulse 
Repetltlon^Tlme. 



a* 



b. 



Figure 4 



a* Pulse Width 

b. Pulse Repetition Time 



PULSE REPETITION FREqUENCY (PRF) - refers to the frequency at which pulses 
occur* Frequencies are stated in cycles, kilocycles, or megacycles. For 
example: 15 kHz, 2,5 kHz, isg 
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The output pulse rate of the blocking oscillator circuit varies depending on 
the p^ritcular application* With this cype of circuitry, pulse rates generally 
range fron; 20 to 2000 pulses per second* 

The blocking oscillator generates a narrow output pulse* The "on time" is 
relatively short whereas the "of time" or rest time is quite long* This will 
be disr,!jssed in greater nfetj^l in subsequent frames* 

The output pulse rate of ^ blocking oscll^tor ranges from: 
a* 1 to 10,000 pulses per second* 

b. 20 to 2,000 pulses per second* 

c. 1,000 to 50,000 pulses per second* 

d. 1 to 10 pulse'; per second. 



b. 20 to 2,000 pulses per second 



Several tenns are used in relation to blocking oscillators which you 
should become familiar with* This terminology is also used with radar equip- 
ollent. These concepts or terms are reflected in Figure 3* 



(PW) 
PULSE WIDTH 



Tl 



T2 



-PUL5E REPETITION TIME 
(PRT) 



I 

T3 



Figure 3 
PULSE TERMINOLOGY 
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DEADLY TEACHER 
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PULSE REPETITION RATE (PRR) - The pulse repetition rate is the number of 
pulses per second, (pps) * For example: If the PRF is 10 kHz then the PRR 
would be 10,000 pps* 

To find PRF or PRR use the formula: PRF(PRR) equals UPRT, 

For example, if the Pulse Repetition Time is 2,000 microseconds then the 

frequency or PRF would be found as follows: 

PRF= J_ = 1 = 1 . . = 1 = .5 xlO^or 500 Hz or 500 pps. 

PRT 2000 >is 2000 X lO''^ 2 x 10*^ 

If the Pulse Repetition Time is 1600 microseconds then the frequency or PRF 

is; 

3. 500 

b. 625 

c. 1250 

d. 2500 



b. 625 
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a* PW equal s 10 yiec* 

b* PRT equals 100 ^jsec, 

c* PRF equals 10 kHz 

d, PRR equals 10,000 pps 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU KAY GO TO TEST FRAME 15, OTHER- 
WISE GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE /«3AIN BEFORE TAKING 
TEST FRAME 6 AGAIN, 

77) A blocking oscillator uses a special type of transformer. This transformer 
is constructed in such a way that it passes a square wave or pulse with a 
minimum amount of distortion* This transformer is called a pirlse transformer* 
The schematic diagram shown in Figure 5 is that of a common type pulse trans- 
former used in blocking oscillators* 




3 r 5 

Figure 5 

PULSE TRANSFORMER SCHEMATIC SYMBOL 

Notice that this transformer has three windings. The 1-2 winding is the 
primary winding and the 3-4 winding is the transformer secondary winding. The 
other winding, 5-6, is called a tertiary winding. A tertiary winding is a 
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(e^ THIS IS A TEST FRAME. COMPARE YOUR mZUlRS kITH THE CORRECT ANSWERS GIV'EN 
. AT THE TOP OF THE PAGE FOLLOWING THE TEST QUESTIONS. REFER TO DRAWING 
BELOW iN ORDER TO ANSWER THE TEST QUESTIONS. 
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U With a time base of 10 ;jsec/divisnm, determine the following puantities: 

a. Pulse Width (PW) 

b. Pulse Repetition Time (PRT) 

c. Pulse Repetition Frequency (PRF) 

d. Pulse Repetition Rate (PRR) 
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The schematics shown in Figure 6 are for a free running blocking oscilla- 



tor and a basic Armstrong oscillator* 




Figure 6 

BLOCKING AND ARMSTRONG OSCILLATOR CIRCUITS 

As you study the schematics notice the many similarities* The major 
difference Is In the frequency determining circuitry. The frequency of the 
Armstrong oscillator Is determined by the tank Circuit whereas the 
blocking oscillator output pulse frequency depends on the values of Rl 
and CI* In both cases regenerative feedback is necessary to Initiate and 
sustain oscillation* the blocking oscillator provides the regenerative 
feedback by the Inductive coupling of the transformers primary and 
secondary, and forward bias provided by RI connected DL»tween VCC and the 
base of Ql* 
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third winding. The three windings are wound on the same iron core in such a 
way that voltages are induced into both the secondary and tertiary winding at 
the same time. 

A Pulsf Transformer is made up of windings and the extra 

winding is called a winding, 

a. 2, binary 

b. 2, tertiary 

c. 3 J binary 

d. 3j tertiary 



<l. 3, tertiary 

8?^ Refer again to the schematic shown in Figure 5. Notice that phasing dots 
are shown. Therefore, the voltage polarity at pins 1, 4, and 6 are identical. 
The pulse transformer is constructed in a special way. It is designed to 
saturate at low current levels. When the transformer is saturated, further 
increases in current throught the nriinary winding do not result in an increase 
in the secondary output voltage. This is a desirable condition necessary for 
the operation of blocking oscillators which will be discussed in subsequent 
f rarnes. 



No response required 
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In addition to the schematic a waveform plotted against time is also shown. 
This technique will be used In this frame and subsequent frames to explain the 
total operation of the lilockiny oscillator circuit. Since transistor Ql is 
forward biased, as a result of the positive potential on its base resulting 
from the action of Rl, when power is applied the transistor conducts . At 
this time the resistance between the emitter and collector of Ql is reduced* 
Current now flows from ground through Ql, the primary of transformer Tl, to - 
VCC. At this time there is a negative polarity at pin 1 and a positive 
polarity at pin 3 due to transformer action* This positive signal on the base 
of Ql increases the transistor's forward bias and the transistor conducts 
more* 

The increased transistor conduction results in a further Increase in the 
forward bias of the transistor and this action continues until the 
transistor or the pulse transformer reaches the point of saturation. * 
Because jlse transformer is designed to saturate quite readily, the 
transformer reaches the saturation point before the transistor* 

The component which achieves saturation first in a blocking oscillator 
circuit is the: 

a. transistor 

b. resistor 

c. capacitor , 

d. pulse transformer 
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The output waveform of an Annstrony oscillator is a wave, 

the output of a blocking oscillator is a * 

a* sine, pulse 

b* pulse, sine 

c* sine, sine 

d* pulse, pulse 



a. Sine, Pulse 



10*) The schematic diagram shown in Figure 7 is that of a basic blocking 
oscillator circuit- 
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Figure 7 

BLOCKING OSCILLATOR ACTION 
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When capacitor CI is fully charged 

a. the conduction of Ql increases. 

b. Ql is forward biased and conducts more. 

c. transislor^l continues to conduct until the ca|)acitor CI discharges. 

V 

d. the current between the base and emitter of (Jl is so small that the 
transistor stops conducting. 



d. the current between the base and emitter of Ql is so small that the 
transistor stops conducting 



12^ The schematic shown in Figure 9 is also for a blocMng oscillator. In 
addition to the schfematic, a waveform is also shown. VtMs waveform 
indicates the effect a comiileLo ch.injt! on CI has on the transis^tor. 




SATURATIOH 
^ FORWARD BIAS LEVEL 
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SECTl 
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Figure 9 
BLOCKING OSCILLATOR ACTION 
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At the same time that current flows through Ql, CI charges to a voltage 
equal to the secondary voltage of the pulse transformer Tl* The waveform 
shown to the right of the schematic in Figure 8 illustrates this. 




OV 



CI CHARGED 



CUT off 



TO Tl 



Fiyure 8 
BLOCKING OSCILLATOR ACTION 

Because the base-emitter junction of Ql is heavily forward biased, the 
junction resistance is very small* Therefore, the RC charge time of CI 
is shurl as indicdlet! by Lhe wdvefonii at the right of Figure 8* As the 
current through Ql becomes smaller, the charge on ci approaches 
the secondary vol tage of the transformer* When the capacitor achieves a 
full charge, the current between the base and emitter of Ql Is reduced to 
a point where the transistor no longer conducts* In effect the transistor 
is cut off at this point* 
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^13^ Figure 10 shows the coiuponenLs wfiich detemnne the length of time that 
the transistor will be blocked. Besides this, a waveform showing the discharge 
of capacitor CI Is reflected in the figure. 




Figure 10 
Ql BLOCKING ACTION 

Because Ql Is cut off, or blocked, for a significant amount of time during 
each cycle of operation, the circuit Is called a blocking oscillator. Notice 
that at time Tl the magnetic field surrounding the transformer primary, 
windings 1-2, collapses and the voltage across terminals 3 and 4 falls to 
zero. The charge on capacitor CI still holds the transistor In cut off. At 
this time, the capacitor discharges through Rl to Vcc, then from ground, 
through the transformer winding 3-4, Into the positive side of the capacitor 
as Indicated by the arrows. The time required for the capacitor to discharge 
is determined by the time constant of RNCl. This was explained In Module 11. 
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When the charge on capacitor CI reaches maximum, the transistor is cut off. 
At this time the primary of the transfonner has a large stationary magnetic 
field of flUx built up around it. Capacitor CI has charged to the peak 
secondary voltage of the transfonner across pins three and four. At this time 
the magnetic field across the primary (pins 1-2) of t!.e transformer collapses. 
Recall from your study of inductors that an inductor opposes a change in 
current and therefore, in this case, the inductance will attempt to keep 
current flowing in the same direction. This action induces a voltage across 
terminals land 2 of the transformer with polarities as indicated in the 
figure. At this time the induced voltage across terminaU 1 and Z of. the 
transformer is transformer coupled to pins 3 and 4 as indicated in the drawing. 
Examination of the drawing will reveal that at this time the voltage across 
capacitor CI and transformer pins 3 and 4 are series aiding and greater than 
the voltage at Vcc. At this point, the base of transistor Ql is highly 
reverse biased by these two voltages and remains so until forward bias is 
again applied to the base of the transistor. This occurs when the magnetic 
field of the primary transformer winding, pins 1 and 2, collapse and CI 
discharges. 

Transistor Ql is blocked by the 

a. charge on capacitor CI and the potential of the transformer secondary 
(pins 3-4). 

b. voltage across CI only. 

c. Primary (pins 1*2) voltage of the pulse transformer. 

d. tertiary voltage of the pulse transformer. 



a. charge on capacitor CI and Lhe potential of the transformer secondary 
(pins 3-4) 
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(Ts^ THIS IS A TEST FRAME. COMPLETE THE QUESTIONS AND COMPARE YOUR ANSWERS 
WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE TEST 
QUESTIONS. 



1. A blocking oscillator uses a transformer . 

a. filament 

b. power 

c. flyback 

d. pulse 

2. The third winding of the transformer used In a blocking oscillator is 
called a winding. 

a. secondary 

b. tertiary 

c. binary 

d. hexadecimal 

REFER TO THE SCHEMATIC SHOWN BELOW WHEN ANSWERING QUESTION 3 AND 4. 
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The discharge time of CI is primarily determined by the 
a. inductance of the transformer primary (pins 1-2). 
..b. forward bias of Ql. 

c. time constant of Rl-Cl. 

d. capacitor voltage rr^ing. 



c. time constant of Rl-Cl 

(l4^ Refer to the waveform shown on the right side of Figure 10. Notice the 
discharge curve associated with CI. During the time the capacitor is discharg- 
ing, a negative potential is applied to the base of the transistor. Because 
of this, the transistor cannot conduct. Eventually capacitor CI discharges to 
a point where the positive Vcc voltage is felt on the base of Ql. At this 
time the transistor again becomes forward biased, conducts, and the transformer 
action produces regenerative feedback. This occurs at time point T2 as 
indicated in the drawing. At this time the cycle repeats and the circuit will 
repeat the process. The entire cycle completes one oscillation. 

During the time the capacitor CI is discharging^ the transistor Ql is 

a. forward biased. 

b. conducting. 
,c. cut-off. 

d. oscillating. 



c cut off 
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1. d. pulse 

2. b. tertiary 

3. c. T. 

4. d. value of Rl and CI 

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 21. 
OTHERWISE GO BACK TO TEST FRAME 7 AND TAKE THE PROGRAMMED SEQUENCE AGAIN 
BEFORE TAKING TEST FRAME 15 AGAIN. 

The waveforms shown in Figure 11 are included to help you understand the 
operation of the blocking oscillator circuit. 
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Figure 11 ^ 
BLOCKlNfi OSCILLATOR WAVEFORMS 
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The component which is designed to saturate in the schematic shown is 
a. Rl 

CI 

Ti 

d. Qi 

Iho tl i scti<irtj(* Lniir (if [A is deLciniii ned prihurily by the 

a , trans fonder pr imary 

b, transistor's forward bias 

c, wattage rating of RK 
value of Rl and CK 
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Figure 11 

BLOCKING OSCILLATOR WAVEFORMS 

Notice by referring to the bottcwn waveform that while the capacitor disrharges 
^the output ceases between terminals 5 and 6 or the tertiary terminals of the 
transformer. Examine the waveforms and notice the inductive overshoot or' 
ringing effect. This undesirable output is the result of the rapid current 
changes through the transformer windings whic^i are basically inductances. As 
you can see, the energy stored in the magnetic field is not completely absorbed 
as the field rapidly collapses^ rather it functions to cause an induced 
voltage of opposite oolarity across the transformer windings. Since these 
damped oscillations may cause problems with the other circuits associated with 
Uii? l)t()ckiiH| oscillol.or. Llu^ irHlucl.ivt^ ovt^'slitx)! or^ ringintj iiujsL lit* olimindlod. 
Methods for eliminating this are discussed in subsequent frames. 
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Each of the waveforms shows the potential in relation to a reference voltage* 
Notic-e that, the top waveform indicates the potential at the base of transistor 
Ql, while the middle waveform shows the collector potential. The bottom 
waveform Indicates the waveform at the output, or terminals 5 and 6, which 
form the tertiary winding of the pulse transformer. An understanding of how 
the various components function In relation to the waveforms will provl-de you 
with a better understanding of blocking oscillators* Look at the waveform 
associated with the base of transistor Ql* Recall that when the transistor is 
forward biased, capacitor CI Is charging* This is indicated by the wavefonn 
above the broken line designated as forward bias level. During this time the 
potential at Ql ' s collectorMs driven toward zero volts* This Is shown by 
the collector waveform* Once the capacitor is fully charged, the capacitor is 
series aided by the secondary of the transformer Pins 3 and 4* At this time 
the negative voltage e:<ceeds the positive voltage of Vcc, and therefore the 
transistor is no longer forward biased and does not conduct* 
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Another method of reducing the ringing Is to connect a diode across the 
output winding of the pulse transfonner. This is also shown in Figt 12, 
The diode becomes forward biased whenever the output voltage at terminal 6 
swings negaljlve in relation to terminal 5, Because of this diode action, the 
output is liitiited or clamped to within a few tenths of a volt. The waveforms 
shown in Figure 13 illustrate the output resuU ng from the uses of the 
clamping diodes. 



+VCC 

COLLECTOR 
01 

0V_ 





OUTPUT 



Figure 13 
WAVEFORMS^ WITH CLAMPING DIODES y 



no response required 
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no r&sponse required 



(TtT) Therear^ two methods which ere coirinojly used to eliminate the inductive 
overshxiot or ringing* A connion technique is to use a clamping diode as shown 
1n Figure 12* 




Figure 12 
CLAMPING DIODES 

In this example, a^clamping diode, CRl, is placed directly across: terminals 1 
and 2 of the transformer* s priniary* This diode becomes forward biased when Ql 
Cits off, and the voltage .across terminals 1 and 2 of the transformer takes on 

polarity shown* Because, Cfil has a low resistance * "^en ^forward biased, 
this re.duces the inductive overshoot voltage, and the coil energy is quickly 
damped* 



A common method used for damping oscillations is to use 
a* a la»"ger capaci.tor/* 

b* a larger value :esistor in the RC network* 
c* claTjping diodes* 
d* a. AC filter/ 



c*\ clamping diodes * 7^ y 
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(l9^ Another technique for reducing the ringing action of the transformer Is 
to use resistive loads conrH)n]y called "dampers". To accomplish this damping, 
small value resistors may be placed In series or In shunt with the transformer 
windings as_ shown in Figure 14. 




Figure 14 

BLOCKING OSCILLATOR WITH DAMPING RESISTORS 

J 

In the schematic shown, resistors R2, R3, and R4 are used as damping resis^ ^s. 
TTiese resistors absorb some of the oscillations caused by the rapid collapse 
of the transformer's magnetic i^lelds. It Is also possible to use resistors In 
conjunction with clamp ng diodes as shown In previous frames. Circuit design 
characteristics determine whether clamping diodes and resistive loads are used 
together or Independently. 
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The schematic diagram shown In Figure 15 shows a slight variation of t|ie 
basic blocking oscillating circuit. This is schematic for the NIDA blocking 
oscillator which you will become familiar with wtien you complete the job 
performance associated with this lesson. 
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One niethod that is used to reduce the ringing action of transformers in blocking 

oscillators is to 

a* increase the forward bias of the transistor* 

b, change the value of the capacitor ir the RC network* 

c* use resistors In series or in shunt with the transfonner windings, 

d use a filtering circuit. 



c* use resistors in series or in shunt wit^^ the transformer windings* 
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210 THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARl YOUR 



ANSWERS WITH THE ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE ^"ESTIONS. 

1. Ringins in pulse transfornier is associated with the 

a. discharge of capacitors. 

b. rapfd coUapse oflnagnetic fields. 

c. transistor conduction time. ^ 

d. transistor cut-off time 



2. One method often used for reducing the ringing action of pulse trans- 
formers IS to 

a. use larger capacitor In the RC network. 

b. increase the size of the resistor in the RC network, 

c. use an RC filter. 

d. use clamping diodes. 

3. Thf output of a blocking oscillator is a waveform. 

a. sav. :ooth 

b. sine 

c. pulse 

d. trapezoidal 



r 
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The difference between this circuit and the blocking oscillator circuits which 
you previously studied is that terminal 4 of the transformer Tl is returned to 
Vcc vice ground. This arrangement removes the Vcc power source from the 
discharge patlj of the capacitor and improves the stability of the circuit* 
Besides this difference^ the operation of the NIOA Blocking oscillator is the 
same as the basic circuit* Notice particularly the addition of damping 
resistors R2, R3, and R4, which function to dampen paH of the undesirable 
oscillation of the transformer due to the rapid current variations* One 
additional point should be made about the free running blocking oscillator. 
There are several variations of the basic circuit, for example, triggered, 
synchronized, divider (countdown) versions of tlie free-running circuit. One 
basic distinction between these circuits and the basic free-runnipg circuit is 
that all these variations require input triggers to operate properly. 



no response required 
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1. b. rapid collapse of magnetic fields 

2. d. use clamping diodes 

3. c. pulse 



IF YOUR ANSWERS MftTCH THE CORRFCT ANSWERS YOU HAVE COMPLETED THE PROGRAMMED 
INSTRUCTION FOR LESSON 4, MODULE THIRTY TWO. OTHERWISE GO BACK TO FRAME 16 
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 21 AGAIN. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY , YOU MAY TAKE THE JOB PROGRAM. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU CAN 
RESTUDY if:E PARTS OF TC.S LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL 
THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE}, 
OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAM ANSWER ALL 
SELF-TEST ITEMS ON THE PROGRE ' CHECK CORRECTLY. 
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PULSE WIDTH (PW) Pulse width is the time from the start of the pulse to the 
end of the pulse* This' is shown in the diagram with times Tl to times T2 
and time T3 to tifFres T4* Sometimes this term is referred to as pulse 
duration. 

PULSE REPETITION TIME (PRT) PRT is the time f : om the start of one pulse to 
the start of the next pulse* It is measured from the lf:ading edge of the 
first pulse to the leading edge of the next pulse* 

PULSE REPETITION FREQUENCY (PRF) PRF refers to the frequency at which pulse 
occur* These frequencies are usually stated in Hertz (cycles) or Kilo Hertz 
(kllucycles)* ^or exai^iple: 100 Hz, 2*5 kHz* 

PULSE kEPETITION RATE (PRR) Pulse repetition rate is the number of pulses 
per second. (WS) for example, when the PRF is 10 kHz, the PRR would be 
10,000 PPS* ' 

You should become familiar with the formula for determining pulse repetition 
frequency or pulse repetition rate* The formula is F enuals l<pT 
For example, if the piilse repetition time is 1600 microseconds, then the 
pulse repetition rate or frequency would be equal to; 

m " mips - leoO x lo-^' ~- ~^mo — ^ ^° " ^ ^ " -f^^^ ^ 

i6on 



* 625 pps = 625 Hz* 



The key component of the blocking oscillator circuit is a special transformer 
that passes a pulse with a minimum amount of distortion. This special 
transformer is ca-Ued a pulse transf onuer* The schematic shown in Figure 3 
is for a comtou type pulse transformer used in the blocking oscillator 
ci rcuits. 




Figure 3 

P*1SL TRANSFOkMtii SCHEMATIC SYMBOL 
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NARRATIVE 
LESSUN 4 

BiQCkintj Oscilldtor 



hhen you studied oscillators previously, you learned about oscillators which 
provide a sinev-wave outputs In Module 23, you learned about an oscillator 
wnich provided a square, or rectangular, output waveform* Recall that this 
type of oscillator was called a multivibrator* 

# 

which provides a non-slnusoidal output Is the 
type of oscillator, which is sometimes called a 
yenerdLor^ Is used to trigger circuits in 
jb rddur^ toiiipuLLTs , urid LtHt^vlsion* II. is nse<l 
wHL'NevLT pulses are required to trigger or control other circuits, 
llie drawing shoivn In Hyune 1 is a block diagram for a blocking oscillator, 
together with a typical output wdveform* 



another type of oscillator 
blockiiuj usclUaLur* Tins 
hulse rL*|jeLiLiun trequuricy 
v t ecL runic Oi|u j j>iiiijriL buch 
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Figure 1 

FHEb^RUNNlNG BLOCKING OSCILLATOR OUTPUT 

Ilie output pulse frequtiiicy and amplitude of a blocking oscillator will vary 
d(^peiidiiiy upon the pdrtlcular equipment with which it Is used* Blocking 
ubcilUior circuitry Is capable of providing pulses that vary from 200 to 
i^uuU pulses per secoiid (PP^). The oscillator provides an output pulse which 
is very narrow* The on time, or pulse time, is relatively short; whereas 
tlie off, or rest tiiiie, is quite long* 

There are a number of terms relating tu blocking oscillators with which you 
should becojiie faj.nliar* These terms are also used with radar equipment* 
The terms, or concepts, are shown plctorially in Figure 2* 
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Figure 2 
PULSE TERMINOLOGY 
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I lyure b shows the schematic for a basic blocki^ng oscillator circuit* 




Fi (jure b 



bLUCKING USCILLATOR ACTION 



Besides the schematic diagram, a wavefonn plotted against time is also shown* 
Showlny the waveform in relation to time will help you understand the total^ 
Operation of the blocking oscillator circuit* 

Transistor ijl Is forvjard biased as the result of the action of Rl* Because 
of this forward Dias, when power is applied, the transistor conducts* This 
results in a smaller resistance between the emitter and collector of Ql* As 
a result, current flows from ground through Ql, the primary of transformer 
Tl, to Vcc* Simultaneous with this there Is a negative polarity at pin 1 
ana a positive polarity at pin 3 due to transformer action* This positive 
slynal on the base of Ql increases the transistor's forward bias and as a 
result the transistor conducts wore* This action continues until the 
transistor or the pu'se transformer reach the point of saturation* Because 
of its design, the transformer normally reaches the saturation pjaint before 
the transistor does* The waveform shown to the rlah^of the schematic In 
Figure b Illustrates the saturation condition. 
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The pulse transfonner has three windings* Besides a primary and secondary 
winding, this transformer has an additional winding which^is called a 
tertiary winding* The word tertiary means third* The three windings of the 
transformer are wound on the same iron core in such a way that voltages are 
induced into both the secondary and teritary winrling at the same time* 

Notice th*^ phasing dots shown on the schematic in Figure 3* In this case 
the voltage polarity. at pins 1, 4, and 6 is Identical* Besides having three 
windings, the pulse transformer is constructed in such a way that it saturates 
at low current levels* This means that once the transformer is saturated, 
any additional increase in current through the primary windf^ng does not 
result in an increase in the secondary output voltage* This is a des^irable 
and necessary condition for the operation of the blocking oscillator circuit. 

Figure 4 shows schematics for a free-running blocking oscillator and a basic 
Armstrong oscillators* 




Figure 4 

BLOCKING AND ARMSTRONG OSCILLATOR CIRCUITS 



Study the schematics and notice the many similarities. The major difference 
between the two schematics is the frequency^ determining circuitry* While 
the Armstrong oscillator output frequency is determined by a tank circuit, 
the blocking oscillator uses an RC network to determine the output pulse \ 
frequency. This network is comprised of Rl and CI. The frequency of th^ 
oscillator tnay be changed by changing the values of Rl and CI. In the case 
of the blocking oscillator, regenerative feedback is provided by the inductive 
coupling of the pulse transfornrer, and the forward bias provided by Rl 
connected between Vcc and the base of the transistor Ql. 
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Fiyure 7 also shov?s the schemat-tc for a blockino oscillator and a waveform- 
This wovefonn shows the effect the complete charge on capacitor Cl has on 
the tronsi btor. 
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Fiyure 7 
BLOCKING OSCILLATOR ACTION 

I 

TransiSi Ql is cut off when the charge on the capacitor Cl reaches maximum. 
At this time the capacitor charge is equal to the peak secondary voltage of 
the transformer across pins 3 and 4 . Q] cuts off and* the large stationary 
niaynetic field of flux built around the primary winding of the transformer 
collapes. 

* 

Fronj your study of Inductors recall that an inductor opposes changes in 
current flow and therefore, in this particular case, the inductor attempts to 
keep current flowiny in the same direction. As a result of this action, a 
voltaye is induced across tenninals 1 and 2 of the transformer with polarities 
as shown on the schematic* The induced voltage across terminals t^and 2 of 
the transformer is coupled to the transformer's secondary (pins 3 and 4) as 
shown in the drawing* Study the drawing and notice that at this time the 
voltdye across capacitor Cl and transformer pins 3 and 4 series aid and are 
greater thaa the voltage at Vcc. Transistor Ql is now reverse biased and 
reitwins so until the magnetic field of the transformer primary winding 
collapses and Ct^pacitor tl discharges. 
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As current flows through Ql, capacitor CI charyer; to a voltage which is 
about equal to the peak secondary voltage of the piHse transformer Tl. 
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Figure 6 
BLOCKING OSCILLATOR ACTION 



Due to tfie heavy base-emitter forward bias on Ql, the junction resistance Is 
very small. Thus, the RC charge time of CI is short as shown by the waveform 
in Figure 6. The charge on capacitor'Cl approaches the peak secondary 
voltage of the transformer as current through Ql decreases. When the 
capacitor is fully charged, the current between the base and the emitter of 
Ql is reduced to a point where the transistor no longer conducts. At this 
time the transistor is cut off. 
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The waveforms shown in Figure 9 are included to help you understand the 
o/jeration of the blocking oscillator circuit. 
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Figure 9 : 
BLOCKING OSCILLATOR WAVEFORMS 

Each wavefom shows a potential in relation to zero volts* The top waveform 
shows the potential at the base of Ql, the middle waveform shows the collector 
potential J and the bottom waveform shows the tertiary output* 

The waveform associated with the base of transistor Ql shows circuit action 
when the transistor is forward biased and capacitor CI is charqina. Notice 
that the forward bias level is shown by a broken line. During this time the 
potential at Vcc is positive and Greater than zero* This is shown by the 
collector waveform* When the capacitor is fully charged, it is series aided 
by the secondary of the transformer. At this time the nenative voltaae 
•exceeds the positive voltaqe of Vcc and because the transistor is no lonaer 
foTvard biased, it stons conducting* 
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The schematic shown In Figure 8 shows the components which determine the 
length of time that the transistor 1S blocked* A wavefonr. showing the 
discharge of capacitor CI Is also shown In the figure* 




Figure 8 
Ql BLOCKING ACTION 



The circuit is cal Ipd the blocking oscillator because the transistor Is cut 
offj or blocked, f oV a significant amount of time during each cycle of 
operation* When thff magnetic field surrounding the transformer primary 
collapses, the voltage across terminals 3 and 4 drops to zero* The negative 
charge of the capacitor CI causes the transistor to remain cut off* The 
capacitor discharge^ through resistor Rl to Vcc^then from ground through the 
transformer secondar7 winding (terminals 3 and 4) as Indicated by the 
arrows* The discharge time of the capacitor is determined by the RC network 
comprised of Rl and CI* The concept of RC network charging and discharging * 
was covered in Module 11* 

Refer to the wavefonn shown on the right side of Figure 8 and notice the 
discharge curve associated with capacitor CI* As the capacitor discharges a 
negative potential is applied to the base of the transistor* Because of 
this potential J the transistor cannot conduct and Is blocked* 

Eventually, the capacitor discharges and a positive voltage (via Vcc and Rl) 
1s again applied to the base of the transistor* Because the transistor is 
again forward biased, It conducts, and the transformer action again produces 
regenerative feedback and oscillation resumes* 
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Another technique used for reducing the ringing, or: overshoot. Is to connect 
the diode across the output winding of the pulse transformer* This is also, 
shown In Figure 10* In this case, the diode becomes forward biased whenever 
the output voltage at terminal 6 swings negative In relation to terminal 5* 
becduse of the diode action, the output overshoot is limited, or clamped, to 
within d fevi tenths uf a volt* 

Wdvefoniis shown In Kiyure 11 Illustrate the output that resiilts from the use 
of clamping diodes* 




OUTPUT 



Figure 11 
WAVLf-OimS WITH clamimng diodls 
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Look at the bottom waveform and notice that while the capacitor Is dis- 
charging there Is no output between terminals 5 and 6 the tertiary winding 
of the transformer* Examine the waveforms and notice the Inductive over- 
shoot or ringing effect* This undesirable output is the result of the rapid 
current change through the transformer windings which are baslc^ally induc- 
tances* The waveforms show that the stored energy of the magne^tic field Is 
not completely absorbed as the field collapses. The collapsing field causes 
an induced voltage of opposite polarity across the transformer windings* 
Because the damped oscillations may cause problems in other circuits assoc- 
iated with the blocking oscillator, several methods for eliminating the 

inductive overshoot or rinqinq have been developed* 

• 

A common method used for eliminating the inductive overshoot or ringing is 
to use clamping diodes as siiown in Figure ]0* 




Figure 10 . 
CLAMPING DIODES 



CRT, the clamping diode. Is placed directly across terminals ] and 2 of the 
pulse transformer's primary* This diode becomes forward biased whenever Ql 
cuts off and the voltage across terminal I and 2 of the transformer takes on 
the polarity as shown In the drawing. ^Because CRT has a relatively low 
resistance when forward biased, the inductive overshoot voltage and coll 
energy Is quickly damped. 
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In this case, resistors R2, R3 and R4 are used as damping resistors. The 
resistors absorb some of the oscillation caused by the rapid collapse of the 
transformer's magnetic field* In sorne cases, resistors are used In conjunc- 
tion with clajnping diodes as indicated In previous frames* The circuit 
design and characten sties determine whether clamping diodes and resistive 
loads are used together or independently to accomplish the damping* 

Fiyure IS shows a schertic diagram for a slight variation of the basic 
blocking oscillator circuit* This schematic Is for the ^ida blocking 
oscillator which you will use and become familiar with when you complete t'he 
job program associated with this lesson* 




Figure 13 
NIDA BLOCKING OSCILLATOR 



The basic diffsrence between this circuit and the blocking oscillator cir- 
cuits presented In this lesson is that terminal A of the transformer Tl Is 
returned to Vcc via ground* Such an arrangement removes the Vcc power 
source from the discharge path of the capacitor and improves the stability 
of the circuit. Other than this difference the operation of the NIDA. 
Dlockifig oscillator Is essentially the same as the basic circuit, this 
case, resistors R2, R3» and R4 function to dampen part of the undesirable 
oscillation of the transformer resulting from rapid current variation. One 
additional point concerning the blocking oscillator should be made* There 
are Several variatioijs of the basic circuit, for example, triggered, 
syjichro'ilzed^ and divider (count-down) versions* The basic distinction 
between tnese circuits diid the basic circuit is that these variations 
require input triyyers. 
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Tt«e rinyiny action of the transformer may also be reduced by using reristive 
loaos, cofinonly called daiiipers. To accomplish this damping, small w^^:./ 
resistors are placed in series or shunt with the transformer wi/idinys as 
shown in Fiyure 12. 
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Figure 12 

BLUCKJM6 OSCILLATOR WITH DAMPING RESISTORS 
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mT THli> POINT, VUU MAY TAKE THt LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
i>tLl--TtST ITEMS CUKRtCLTY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY 

ANi>wLK unly a few of the progress check questions, the correct answer page 

WILL KLF£K YUU to the APPROPRIATE PAGES, PARAGRAPHS, OR-FRAMES SO THAT YOU 
tAH KtSTUUY THL PA\KTS UK THIS LESSON WITH WHICH YOU ARE HAVING DIfflCULTY. 
It y-UO 1-LLL THAT YOU HAVL (AlLM) TO ONOLRSTANI) ALL, OR MOST, OF TMl M-'SSON, 
bLLtXl ANiJ Ui>L ANDlilLH WlilllLN MI.IJIUM 0) INSI litJC HON, AUUIO/V I SIJAI MATERIALS 
(Ih /MM'LltAtlLt), Uli tONSULATlON WITH TllL LEAKNlNti CLNTtR INSTRUCTOR, UNTIL 
YOU UN ANi>WLK ALL i>tLF-TEST. ITEMS UN THE PROGRESS CHECK CORRECTLY. 
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32.5.60.6 IDENTIFY techniques used to make small adjustments to the operating 
frequency of a crystal by selecting the correct statement from a 
' choice of four. 100% accuracy is required. 



BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW 
THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. 
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OVLRVIEW 
LESSON 5 ^ 

Crystal Controlled Oscillators 

In this lesson you will learn about the piezoelectric effect and its relation 
to crystals and crystal oscillators. You will study tho use of a quartz 
crystal In series and parallel mode oscillator circuits. You will learn about 
methods for making small frequency changes In a crystal controlled oscillator 
circuit. 

The learning objectives of this lesson are as follows 
TERMINAL OBJECTIVE(S): 

32.5.60 When the student completes this lesson, (s)he will be able to IDENTIFY 
the properties and characteristics of crystals, the component functions 
and modes of operation of Pierce and tickler coll crystal oscillator 
circuits, and techniques for adjusting the operating frequency of 
crystals by selecting statements from a choice of four. 100% accuracy 
Is required. 

ENABLING OBJECTIVES: 

When the student completes this lesson, (s)he will be able to: 

32.5.60.1 IDENTIFY the properties of crystals. Including piezoelectric 
effect, and the functions crystals perform in an oscillator circuit 
by selecting the correct statement from a choice of four. 100% 
accuracy is required. 

32.5.60.2 IDENTIFY the schematic symbol , AC equivalent circuit diagram, and 
electrical characteristics of a quartz crystal, both In Isolation 
and when placed in a metal holder, by selecting the correct symbol 
diagram, or statement from a choice of four. 100% accuracy Is 
required. 

32.5.60.3 IDENTIFY the two modes of crystal oscillator circuit operation by 
selecting the correct steitement from a choice of four. 100% 
accuracy Is required. 

32.5.60.4 IDENTIFY the circuit diagram, component functions, and mode of 
operation of a Pierce crystal oscillator circuit, g1v€fn the sche- 
matic diagram, by selecting the correct statement from a choice of 
four. 100% accuracy is required. 

32.5.60.5 IDENTIFY the circuit diagram, component functions, and mode of 
operation of a. tickler coil crystal oscillator circuit, given the 
schematic diagram, by selecting the correct statement from a choice 
of four. 100% "accuracy is required. 



207 

199 



iuiimiary Thirty Two-5 

SUMMARY 
LESSON 5 

Crystal Controlled Oscillators i 



In any oscillator Circuit, there is a method to select the. desired operating 
output frequency. Crystal controlled oscillators provide extremely stable 
output frequencies*. The property which allows a crystal to oscillate Is 
known as the "piezoelectric effect" which Is shown in Figure 1* 




Figure 1 

i ^ 

PIEZOELECTRIC EFFECT 

As shown In the figure, tourmaline, RQchellesalt and quartz crystals will 
vibrate at their natural resonant frequencies when a voltage is applied* 
Conversely, vibrating crystals produce a voltage at a frequency which 
depends on the thickness of the crystal. The thinner a crystal is cut, the 
higher Is both Its natural resonant frequency and the AC voltage frequency 
it produces. 
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LIST OF STUDY RESOURCES 
LESSON 5 

Crystal ControHed OsciHators 

To help you learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the fallowing 
study resources: 

Written Lesson presentation in: 

Module Booklet: 

Summary 

ProgramDed Instruction 
Narrative 

Student' s Guide: 

Summary 

Progress Check 
Additional Material(s): 

Video Tape Audio/Visual Program "Crystal Oscillators" 
Enrichment Material (s): 

Base Electronics Vol, 1, NAVPERS 10087-C 

tTectronics installation artf Maintenance Book (EIMB) NAVSHIPS 0967-000^0120 



YOU MAY USE ANY, OR ALL , RESOURCES LISTED ABOVE, -INCLUDING THE LEARNING^ 
CENTER iNSTRUaiON; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE LESSON OBJEQIVES, THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME. 
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Electrically, a piece of unmounted quartz crystal Is. equivalent at a certain 
frequency to the series resonant circuit shown In Figure 4. 



L R C 




Figure 4 

AC ELECTRICAL EQUIVALENT OF QUARTZ 

When a crystal Is mounted In a metallic holder, the electrodes attached to 
the crystal appear in parallel with the crystal as shown In Figure 5. 




Figure 5 
CRYSTAL EQUIVALENT CIRCUIT 



A crystal oscillator operates at two distinct frequency points, or "modes**. 
The series resonant TOde Is the natural resonant frequency of the crystal- 
The parallel mode (or anti-resonant mode) Is caused by the parallel holder 
capacitance. The parallel mode occurs at d frequency slightly higher than 
that of the series resonant mode/ 
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MS In dijy oscilldtor,. the AC vo1td9e produced by a crystal oscillator will 
Udinp out unless regenerative (in-phase) feedback Is received by the crystal. 
The crystal itself provides the regenerative feedback at the required 
frequency because of Its narrow bandwidth and very high Q. Figure 2 Compares 
the bandwidths of a crystal and an lC tank. 




XTAL LC 

Figure 2 



CRYSTAL VS LC TANK BANDWIDTH 

) . 

Quartz is tfie jnost cofuuion material used in crystals. The schematic diagram 
for a crystal Is shown in Figure 3. 



£^ Fiyure 3 
CRYSTAL SYMBOL 
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The Pierce crystal oscillator shown In Figure 7 Is an example of an oscillator 
circuit which operates In the anti-resonant mode. 



+ VCC 




^OUTPUT 



Figure 7 
PIERCE XTAL OSCILLATOR 



This oscillator is of the common Colpltts type, with the crystal in parallel 
with the voltage divider CI and Cc* The impedance matching functions 
performed by the low reactance of CI and the high reactance of C^ 
maintain the crystaVs high 0 and stable operating frequency. * The ratio of 



the capacitive reactances of CI 
feedback reaching the crystal. 



and C^ determines the amount of regenerative 
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The effect of the two nodes of operation are shown In the frequency response 
did9rii(r( in Fi9ure 6. 




FREQUENCY 



Figure 6 
CRYSTAL IMPEDANCE VS FREQUENCY 



As i:he frequency of a volta9e applied to a crystal approaches the series 
resonant frequency (fs), the impedance of the crystal drops to a very low 
vdlue. As the frequency of the applied voltage approaches the parallel 
resortdint frequency (fp), the impedance increases sharply, thus exhibiting 
the characteristics of a parallel resonant tank. 
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In crystal uscillators, exact adjustments may need to be made to the crystal 
.-due to circuit requirements or crystal aginy. Small adjustments to its 
ot>eratini} frequency, called "pulling the crystal", can be made by placing a 
variable capacitor or inductor in series or "in parallel with tiie crystal. A 
small-value trimijier capacitor is often used, ^s shown by component C4 in 
Fiyure 9.. 



+ Vcc 




Figure 9 

PIEKCE CRYSTAL OSCILLATOR WITH TRIMMER 



AT THii POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
StLK-TEST ITtMS CORRECTLY, PROCEED TO THE NEXT LESSON. IF YOU INCORRECTLY 
ANiirtt^rONLY A FEW UF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL KLFLK YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
UN KEiTUUY THE PARTS UF THIS LESION YOU ARE HAVING DIFFICULTY WITH. IF YOU 
KtEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OK MOST, OF THE LESSON, SELECT 
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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The tiCKler Cuil (Annstrony) crystal oscillator shown in Figure 8 is an 
exdinplt; of an oscillator circuit which operates in the series resonant 

YI 

I ^Dl 1 




Figure 8 
TICKLLR COIL CRYSTAL OSCILLATOR 



The LlCl tank dCts as the collector load, and is tuned to the crystal's 
resonant frequency. The crystal operates as a series resonant circuit to a 
sinsjlfci frequency which it passes to the base of Qi. Jhe crystal filters out 
all other frequencies thus providing frequency stability. 



r 



207 



2!5 



P.I. 



Thirty Two-5 



PROGRAMMED INSTRUCTION 
LESSON 5 



Crystal Controlled Oscillators 



TEST FRAMES ARE 5, 11, 17 AND 21. GO FIRST TO TEST FRAME 5 AND SEE IF YOU 
' CAN ANSWER THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST 
FRAME. 



l.j All oscillators you have studied have had some method of frequency 



selection, or filtering to establish the operating output frequency. It may 
have been done by an LC tank circuit, by an RC phase shift network, or hy 
some other filtering method. All such methods' produce useful results In 
many circuit applications. However, these oscillators may not be stable 
enough when extreme^requency stability at high frequencies is important. 
These oscillators may have frequency limitations or frequency instability. 
One way to get the stability required is to use a crystal controlled oscillator 

XTAL oscillator). 
Crystal oscillators have extremely qood frequency 

a. , mixing 

b. stabil ity 

c. phase shifting 

d. modulati ng 



b. stability 



2^ Tourmaline, rochelle salt, and quartz crystals have special properties that 
are useful in electrical circuits. What are these properties? Each of 
the crystals mentioned above has the ability to produce a voltage when 



when a voltage is applied to it. This property is called the "piezo electric 

a* 

effect" and is illustrated in Figure 1. 

210 





pressure is applied to it. Conversely, each exhibits a mechanical strain 
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As a voltage variation is applleo to a crystal, it will vibrate at Its 
ndtural resonant frequency* Generally, the natural resonant frequency is 
depetuerit on the <:rystar s thickness^as shown in Figure 2* 




LOW 
FREQUENCY 



MEDIUM 
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HIGH 
FREQUENCY 



Figure 2 
CRYSTAL FREQUENCY VS THICKNESS 
As yuu can see, the thinner a crystal is cut, the higher (or faste^) Is the 
crjrstdl's vibration frequency* 

As a yiven crystal is cut thinner, the natural frequency or vibration 
probuced oy an applied voltage will ( increase/remain the same/decrease )* 



increase 



A crystal vibrating at Its natural resonant frequency produces a voltage 
variation at that frequency* The voltage output from a vibrating crystal 
bds chdriCteristics similarvto those of an LC tank circuit* If the crystal 
does not receive regenerative (In-phase) feedback, it will produce a damped' 
^ wave output as does the tank circuit* In order to use a crystal in an oscillator 
circuity AC signal that excites the crystal must occur at its natural 
frequency. ^ 212 ' 
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CRYSTAL 




STRETCHED 
CRYSTAL 



Figure 1 



COMPRESSED 
CRYSTAL 



PIEZOELECTRIC EFFECT 



in th(i noniidl crystal, notice that the static charges (shown by "+" and "-") 

dre lylriy so that there is no measurable voltage across the crystal* 

huwever, in the pressure distorted crystals, a definite voltage can he felt 

On the crystals as t^ressure is applied in one direction or the other* The 

puldrity of the voltaye is deteriiilned by the type of crystal and- by how the 

crystdl is cut* This dbillty of the crystal to produce a voltage as pressure 

IS applied is called the piezoelectric effect * The piezoelectric effect 

dibu Cduses the crystal to co/r^press and stretch as a voltage Is applied to 

it* Therefore, in a crystal, applied pressure causes a voltage, and applied 
* 

voltdye causes pressure distortions* 

As it result of the piezoelectric effect, applying pressure on a crystal 

Cduses a across it, and applying a to 

it causes pressure distortions In the crystal* 



vultd9e, voltaye 
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THIS IS A JEST FRAME, COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN 
AT THE TOP OF THE PAGE FOLLOWING THE QUESTIONS, 

K trystdl oscillators are noted for having { better/poorer ) frequency 
stdbility than other oscillators* 

i* Crystals convert apt^lied voltaye Into internal pressure changes, and 

convert t^ressure clianyes into voltages by using the 

effect. 



3* A thick crystal has a ( higher/lower ) natural resonant frequency than a 
thi n crystal * 

4* A crystal will function in *n oscillator circuit if it receives in-phase, 
or , feedback, 

in a crystal controlled oscillator, frequency selection is performed by 

the 
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You have learned in your earlier studies that an amplifier will oscillate if 
it receives <* reyenerative signal* This oscillation will be anywhere within 
the frequency response of the amplifier* Therefore, sojue method of frequency 
selection, or filtering, is needed* In LC tank circuit oscillators, frequency 
selectionused the LC tank circuit* In crys^tal controlled oscillators, the 
crystal acts as the frequency selection device^ Because a crystal has a 
very hiyh (J and a narrow bandwidth, crystal controlled oscillators are more 
stable than LC tank type or RC phase-shift oscillators* The bandwidth of a 
crystal and an LC tank are compared in Figure 3* 




XTAL LC 

Figure 3 
CRYSTAL VS* LC TANK BANDWIDTH 



In a crystal controlled oscillator, frequency selection is done by 

u* an LC tank circuit 

D* an kC network 

c* the crystal 

d* reyenerative feedback 



Tl the crystal 
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X. better 

2. piezoelectric 

3. lower 

4. regenerative 

5. crystal 

IF YOUR ANSWERS HATCH, GO ON TO TEST FRAME 11. OTHERWISE, GO BACK TO FRAME 
1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 5 AGAIN. 

TJ) yudrtz is the inost cuiiimonly used type of crystal. Quartz crystals are 
econotiilcal , durable, and easy to cut in their natural state. 

All crystals are affected by heat or excessfve temperatures. As the tempera- 
ture changes, so does the physical size of the crystal. You already krow 
that crystal size determines the natural frequency of the crystal. Therefore, 
It is easy to see that a stable crystal oscillator requires a stable tempera- 
ture environment. In many crystal oscillators, the crystal Itself is placed 
in d temperature-controlled device called an oven. Ir» other crystal oscillator 
circuits, the components used inay be temperature compensated. 

Temperature chanyes ( affegt/do not affect ] the natural frequency of a crystal. 



affect 




symbol for a crystal is shown In Figure. 4. 




Figure ^ 



CRYSTAL SYMBOL 
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The electrical equivalent of a piece of quartz crystal Is a series 
resonant circuit as shown In Figure 6. 



a characteristic low impedance equal to the resistance of R. (XL ^ XC and 
oppose each other. ) 

Since any two parallel metallic surfaces have capacitance between them, the 
electrodes attached to the crystal act as the plates of a capacitor. 
Therefore, the actual equivalent circuit of a crystal in a rnetal holder is 
as shown In Figure 7. 




Figure 6 



ELECTRICAL EQUIVALENT OF QUARTZ 



As you remember from your study of resonance, a series resonant circuit has 




Figure 7 



CRYSTAL EQUIVALENT CIRCUIT 
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In a circuit, the piece of quartz must he physically held rigid. It must 
also have metallic-plated electrodes attached to it for the application of 
an AC voltage* In Figure 5, a quartz crystal is shown mounted in a holder 
which provides these features, 

PLATED 
ELECTRODE 




SUPPORT 
ROD 




1^ 



CRYSTAL TERMINAL 



Figure 5 
CRYSTAL MOUNTED IN HOLDER 



A quartz crystal is mounted with metallic 
it for the application of an AC signal. 



attached to 



electrodes 
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(fo^ Lets conduct a stmple experiment on paper to see how a crystal operate 
in the series resonant and parallel rnodes. Figure 8 shows a simple test 
circuit set-up. 



SWEEP 
FREQUENCY 
GENERATOR 



R 



DEMODULATOR O' SCOPE 




Figure 8 
XTAL TEST CIRCUIT 

This circuit consists of 3nRF sweep generator connected to a circuit consisting 
of a resistor in series with a crystal. As the generator frequency is swept 
from a point below the crystal's natural frequency to a point above it, the 
oscilloscope displays the pattern as shown in Figure 8. 



This pattern is shown in greater detail in Figure 9. 




f's f. 
FREQUENCY ► 

Figure 9 

CRYSTAL IMPEDANCE VS FREQUENCY 
220 
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The capacity labelled "Ch" is called the "holder capacitance" and appears 
in shunt with the crystal* 

The equivalent circuit for a piece of quartz crystal is a { series/parallel ) 
resonant circuit, and the metallic electrodes ^tt^cfied to the crystal act as 
a shunt ( resistor/capacitor )/ 

series, capacitor ^ 

Quartz crystals have two different modes of operation caused by the 
electrical properties of the crystal itself and the crystal holder* The 
crystal itself forms the basic series resonant mode in which the crystal 
resonates at its natural frequency* The holder capacitance in parallel to 
the crystal forms the parallel mode , or anti-resonant mode* These two modes 
of operation da not occur at the same frequency* The parallel mode occurs 
at a slightly higher frequency than the series resonant mode (about ,27> 
higher than the series resonant fo)* 

These two operating modes are very important in the operation of crystal 
oscillator circuits* One type of circuit will be designed to take advantage 
of the series resonant mode, and another type of circuit will take advantage 
of the parallel mode* The mode that is used will influence the oscillator 
operating frequency* 

The parallel mode of operation for a crystal in an. oscillator circuit occurs 
at a frequency which is slightly ( lower/higher ) than" the series resonant 
mode* 



higher 
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THIS IS A TEST FRAME. COMPAtlE YOUR ANSWERS WITH THE^ CORRECT ANSWERS 

GIVEN AT THE TOP OF THE PAGt FOLLOWING THE QUESTIONS, 
In a crystal oscillator, temperature compensation (is/is not) necessary^ 
to maintain frequency stability. 

Which of the following symbols in Figure 10 below is the schematic symbol 
for a crystal? * 






c . 



Flyure 10 
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You can see thdt, as the frequency of the applied voltage approaches fs 
(series re:;onant frequency), the crystal's Impedance becomes very low. As 
tne yeneratur frequency is moved slightly higher to fp (parallel resonant 
frequency), the crystal's impedance increases rapidly* At fp, the crystal 
appears as a parallel resonant tank with its characteristic high impedance- 

An kF siynal applied to a crystal at its series resonant frequency sees a 

( luvj/iiigh ) impedance, and an KF signal applied at the crystal's parallel 

resonant frequency sees a ( low/high ) Impeciance* 

* 

low, high 
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h is 
2^ b, 

3* a* series resonant circuit 
4* c* shunt capacitor 
5* lower 

6* d* high Impedance 

IF YOUR ANSWERS MATCH, GO ON TO TEST FRAME 17, OTHERWISE, GO BACK TO FRAME 6 
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 11 AGAIN- 

Now let's look at the operation of some crystal oscillator circuits* 
A very coiranon circuit is shown Iti Figure 11, 



+ Vcc 




Figure 11 
PIERCE XTAL OSCILLATOR 

The Pierce oscillator in the figure is of the basic Colpitts type* When 
Colpitis oscillators are mentioned, you should immediately think of the 
capdCltive voltage divider network across a tank coil^ which is characteristic 
of this osci Ilator* 

The Pierce oscillator in Figure 11 is of the basic type* 



Colpitts 
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3. The electrical equivalent of a piece of quartz crystal Is a 

a. series resoriant circuit 

b. parallel resonant circuit 

c. cdpacltor 

d. diode' 



4. The electrodes attached to a crystal oscillator function electrically as 

a. series capacitor 

b. series resistor 

c. shunt capacitor - 

d. ^ shunt resistor 



5. The series resonant mode of operation for a crystal Is at a slightly 
(lower/higher ) frequency than Is the parallel mode of operation. 



0. A crystal that operates In the parallel mode, appears as a 

a. capacltlve reactance 

b. low Impedance 

c. impedance 

d. high Impedance 
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Figure 12 
PIERCE OSCILLATOR - AC EQUIVALENT 
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(u^ Figure 12 shows the equivalent capacitive voltage divider circuit in a 
crystal controlled Pierce oscillator. 



X 
T 
A 
L 



i T 



±:CI 



±:Cc 



Ql 



Figure 12 
PIERCE OSCILLATOR - AC EQUIVALENT 

Ttie etfuivalent crystal circuit is within the dashed lines. Notice that the 
crystal is operatiny In the jjarallel mode. Capacitors CI and Cc are in 
parallel i.ith the crystal to form the capacitive voltage divider. Capacitor 
CI is a real component. However, Cc represents the internal capacity of 
ttie transistor and the related output capacity between collector and 
emitter. Cc is usually a relatively small capacitance, less than one-tenth 
tne valuti of CI. Therefore, the reactance of Cc is about ten times greater 
Ltidii tiie reactance of CI. 
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14^ Let's contfnue our discussion of the AC equivalent Pierce oscillator 
circuit, figure 13 repeats the circuit shown in figure 12. 



X 
T 
A 
L 



Ql 



;Cc 



Figure 13 
PIERCt OSCILLATOR - AC EQUIPMENT 

In the figure, CI and Cc determine the amount of regenerative feedback 
provided at the base of Ql, and indirectly to the crystal. Increasing the 
value of CI would decrease its reactance, thus decreasing the feedback 
voliaye applied to Ql. The amount of feedback reaching the crystal is a 
critical factor in crystal oscillators. Too little feedback results in 
weaiL, unstable, or even no oscillations. Too much feedback produces 
unstable and distorted outputs, and may even overdrive the crystal causing 
penaanent damdge. 

Crystals are fragile devices, and should not be subjected to undue stress 

and strain* Electrically, this requires restriction of the drive voltage 

and current to specified limits. Physically, this requires that the crystal 

be nandled with care. It should not be dropped or subjected to temperature 

extrefiies. when you solder crystals, you should make sure that the leads 

are heat-sinked to avoid possible internal crystal damage. ; 
1 228 
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A careful study of this circuit arrangement ' shows that the tapped capacitive 
divider performs the very important impedance matching function required in 
bipolar (Lwo-junction) transistor circuits- Recall from the earlier lesson 
on Q that placing parallel resistance across an LC tank tends to lower the 
tank's Q* Thus, in this circuit, the transistor base-emitter and emitter- 
collector resistances would tend to reduce the high Q of the crystal. 
However, this action is minimized by matching the low reactance of CI to 
the low base-emitter resistance and the high reactance of Cc to the high 
emitter-collector resistance. This matching of impedance maintains the 
crystals high 0 and stable operatinrf frequency. 

In Figure 12," the crystal's high Q and stable operating frequency are 

maintained due to the _^ function performed 

by components and ] * 

impedance matching, CI and Cc 
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(ib^ The function of the components in the Pierce crystal oscillator, shown 
in Fiyure 14, now will be discussed* 

+ Vcc 

m 

O OUTPUT 




Figure 14 
PIEKCE XTAL OSCILLATOR 



llio circuit in the iiyurc is cotnpus^ctl ot d bdbic coimiiOM-eiiii Uer dmplififir 
stage gl with related components kl, R2, C2, and C3* The crystal 
oscillator components are Yl, CI, and the radio frequency choke (RFC)* A 
resistor could replace the RFC* However; the RFC has the advantage 

of a low UC resistance with hiyh AC reactance* Tlius the RFC has less 
crystal loadiny than would a conirion resistor, and allows lower values of 



V^^ than a resistor. 



/ 



In Figure 14, the three crystal oscillator components are 

, and * 

_ J- 



Vl, CI, RFC (in any order) 
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Crystals may be damaged if 

a* they deceive too much regenerative feedback* 

b. they receive too little regenerative feedback* 

c. the drive voltage and current exceed specified limits, 
d* both a and c above. 

d! both a and c above. 
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^ THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE PAGE FOLLOWING THE QUESTIONS. 

Uit HbU«L 16 bELOW OF A CRYSTAL OSCILLATOR CIRCUIT TO ANSWER QUESTIONS 1 
THROUGH 5. 



+ Vcc 




Figure 16 

1. The figure is a circuit diagram for a crystal 

oscillator. 

2. The crystal is operating in the ( series rgsonant/parallel ) mode. 

3. The internal capacity of the transistor is represented by component 

4. Regenerative feedback is determined by components Cc and 

5. tiiiitter stabilization is provided by components and 
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^s) The operation of the Pierce oscillator circuit shown in Figure 15 is 

+ Vcc 



not hard to understand. 




Figure I'j 
PIEkCH XTAL OSCILLATOR 



m 

-^OUTPUT 



When power is applied to the circuit, cu^r<»nt flows through Rl and R2 to 

Vcc. The base of Ql becomes forward biased^ which allows current to flow 

J" 

through Ql from emitter to collector. The voltage stress across crystal Yi 
develops internal crystal vibrations which produce an AC voltage on the 
base of Ql. This AC voltage is au^lified and inverted 180* by Ql. The 
crystal then acts to couple the signal back to the base of Ql with another 
ISO** phase shift. This occurs at the parallel resonant frequency of the 
crystal. The result is a stable, high frequency output signal suitable for 
maT\y applications In communications and electronics equipment where a 

siynal with constant frequency and amplitude are required. 
Many variations of this circuit are used. In one variation, a tuned tank 
is usfed as the collector load instead of the RFC. Other variations include 
the use of either Pf*'^ or NPN transistors. 

In the Pierce Crystal oscillator, the AC voltage produced by the crystal is 
fed back to the of the transistor. 
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l: Pierce 

2, parefllel 

3, Cc 

4. CI 

5. Rl» R2 

IF YOUR ANSWERS MATCH; GO ON TO TEST FRAME 2L OTHERWISE, GO BACK TO FRAME 12 
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 17 AGAIN. 



Iby An exainple of a crystal oscillator circuit using the series mode of 
operation Is shown in Figure 17* 




•-Vcc 

Figure 17 
TICKLER COIL CRYSTAL OSCILLATOR 



This circuit is a basic tickler coll (Armstrong) oscillator with a crystal 
inserted in series with the feedback path* Component Rl, in relation with 
Vcc> provides forward bias for Ql* This enables the transistor to 
conduct and the oscillator to start* Tank circuit L1*C1 acts as the 
collector load for Ql, and is tuned to the crystal frequency. L2 provides 
180^ phase shift to the tank signal, and couples a small amolint of this 
radio frequency energy to crystal Yl* The crystaVvoperates as a series 
resonant circuit to a single frequency, which it passes to the base pf Ql. 
Therefore, a total phase shift of 360^ is achieved at the single frequency 
determined by Yl. The single frequency Is tfhe operating frequency of the 
oscillator, or fo. In this case, the crystal is acting to filter out all 
frequencies except the desired .osci Hating frequency. 
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SAFETY SUGGESTION? 
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^uy H9ure ItJ shows an example of pulling tKe crystal in a Pierce crystal 
osciUator 



+ VCC 



Rl: 



R2 




C3 m 

H ( >OUTPUT 



Figure 18 

PIERCE CRYSTAL OSCILLATOR WITI^ TRIMMER 

In the fi9ure, component C4 is a small value trimmer capacitor which is 
placed in parallel across the crystal. This trimmer capacitor allows for 
precise adjustment of the output frequency to an exact value. 

In Figure 18, the component which allows precise adjustment of the crystal's 
output frequency is . 



I4" 
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In Kiyure 17, the total phase stiift of 360** is provided by components 
and * 



^19^ Hlth0U9h the primary characteristic of crystal oscillators is their 
frequency stdbility, there is a need to change that frequency over a small 
rdn^e* Many applications require that fine adjustments be made to the 
operdtiny frequency in order to Make them more exact. Also, crystals do 
age causing changes in their structure which affect the resonant frequency* 

Ttit* technique for jjiakin9 small adjustments to the operating frequency of a 
crystal is Cdlltid pulling the crystal* Electrically, pulling a crystal 
requires tliat a variable reactance Is placed either in series or tn parallel 
with tlie crystal* The reactance may be either inductive or capacltlve. 

The technique uf pulling a crystal allows for small adjustments to be made 
in the Crystal's operating . 

frequency 
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(21) THIS IS A TEST FRAME: COMPLETE THE TEST QUESTIONS. AND THEN COMPARE YOUR 
ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE 
QUESTIONS. 

USE FIGURE 19 BELOW OF A CRYSTAL OSCILLATOR CIRCUIT TO ANSWER QUESTIONS 1 THROUGH 
3. 




-Vcc 



Figure 19 

1. The oscillator in the fi called a/an 



crystal .oscillator* 
2* The CT7stal operates in the (series resonant/parallel) mode> 
3, RF energy in the collector load tank circuit is phase shifted 180 degrees 

by component and another 180 deg»^es by 




Time waits for no man. 



ACCIDENTS 

WAIT 

FOR 

EVERYOliE 



COMPLACENCY KILLS! 



C33 0$.M7 
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1. tickler coil (or Armstrong) 

2. series resonant 

3. L2 and qi 

4. b. allows for fine tuning of the crystal 



IF YOUK ANSWERS MATCH THE CORRECT ANSWERS, YOU HAVE COMPLETED THE PROGRAMMED 
INSTRUCTION FOR LESSON 5, MOtXILE THIRTY TWO. OTHERWISE GO BACK TO FRAME 
18 AND TAKE THE PROGRAMED SEQUENCE BEFORE TAKING TEST FRAME 21 AGAIN. 

AT THIS, POINT, YOU MAY TAKE THE LESSON PROWESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY 
AUSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF 
YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR HOST, OF THE LESSON, 
SELECT ANU USE ANOTHER WRITTEN MEDIUM DF INSTRUCTIDN, AUDIO/VISUAL MATERIALS 
(IF APPLICABLE), OR CONSULTATION WITH THE LEARNING CE.^TER INSTRUCTOR;, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PRDGRESS CHECK CORRECTLY. 
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4, What is the function of component C4 in the crystal oscillator circuit 
, shown below? 

+ Vcc 



C3 m 

H ( >OUTPUT 




a. Provides the oscillator with a voltage divider network- 
fa. Allows for fine tuning of the crystaK 
c^ Impedance matches Input and output signals, 
d. Phase shifts the crystal output by 180 degrees, 
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NARRATIVE 
LESSON 5 

Crystal Controlled Oscillator: 



In any oscillator circuit, there is a method to select the desired operating 
output frequency* The methods of frequency selection previously studied— 
the LC tank circuit, RC phase-shift network, etc—produce useful results in 
many applications* However, when extreme stability at high frequencies is 
required, these methods often aren't good enough* Another type of oscillator, 
the crystal controlled (XTAL) oscillator, can provide this greater stability 
by using the properties of a crystal* 

The property which allows a crystal to oscillate is known as the "piezoelectric 
effect*" Toi/nnaline, Rochelle salt, and quarts crystals all exhibit this property, 
which is illustrated in Figure 1* 





NORMAL 
CRYSTAL 



STRETCHED 
CRYSTAL 



COMPRESSED 
CRYSTAL 



Figure 1 
PIEZOELECTRIC EFFECT 



In the normal unstressed crystal, the static charges (+ and - ) are distri- 
buted so that no voltage is measurable across it* When the crystal is 
compressed or stretched by the appl ication of pressure, the charges become 
polarized and a definite voltage can be felt* The polarity of the voltage 
depends on the type of crystal and the way it has been cut* 
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The bandwidth of a crystal and an LC tank are compared in Figure 3, 




CRYSTAL VS LC TANK BANDWIDTH 



One important factor in the frequency stability of crystals is temperature. 
Changes in tetnperature can alter the shape and size of the crystal and 
thereby affect its frequency. For this reason, a stable crystal 
oscillator requires a stable temperature environment. Where the highest 
possible stability is required, the crystal may be placed in a temperature- 
controlled device called an oven. In less critical oscillator circuits, the 
use of temperature-compensated circuit components proviat: a stable enough 
environment. 

Because it 1s economical, durable, and easy to cut in its natural state, 
quartz is the most common material used in crystals. Figure 4 shows the 
schematic symbol for a crystal. 



Figure 4 
CRYSTAL SYMBOL 
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The piezoelectric effect also works In reverse. Just as applying pressure 
to a crystal causes a voltage to be produced, applying a voltage will cause 
the crystal to exhibit pressure distortions. The crystal will compress or 
stretch, depending on the polarity of the voltage applied. In addition, 
after the momentary appl Icatlon of a voltage, the crystal will altf>rnate 
between compression and stretching, vibrating at A specific frequency. The 
frequency at which d given crystal vibrates is ca'jled Its natural resonant 
frequency and Is determined by the th1ckness{t) to which It has been cut, as 
Figure 2 Illustrates. ^ 




LOW MEDIUM HIGH 

FREQUENCY FREQUENCY FREQUENCY 



^ 1 

Figure 2 
CRYSTAL FREQUENCY VS THICKNESS 



A momentary application of voltage causes a crystal to vibrate at its 
natural resonant frequency. This vibration, and the sinusoidal (AC) voltage 
it produces, will damp out and cease unless the crystal receives regenerative 
(In-phase) feedback, like that requ1r<;d in an LC tank circuit. In other 
words, to keep the crystal vibrating <^t its natural resonant frequency, a t 
regenerative AC feedback signal must De applied. 

As stated In earlier lessons, if an amplifier receives a regenerative 
signal , It wll 1 oscll late. Because this oscll lation can be anywhere within 
the frequency response of the amplifier-, some method of frequency selection, 
or filtering. Is needed. In the case of a crystal-controlled oscillator, 
the crystal itself acts as the frequency selecting device. Because Its 
natural resonant frequency Is very precise, a crystal has a narrow bandwidth 
and very high Q. Therefore, crystal controlled oscillators are more selective 
and more stable than LC tank type or RC phase-shift oscillators. 
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electrically, a pi'^tce of quartz crystal, unmounted, Is equivalent to the 
series resonant circuit shown in Figure 6* 



Like the series resonant LC circuit, studied earlier, a crystal by itself, 
at a certain frequency, has a characteristic low impedance equal to the 
resistance of R, (XL and XC equal and oppose each other,) However, when 
thfe crystal is mounted in the metal holder, another factor is added. Since 
any two parallel metallic surfaces have capacitance between them, the 
electrodes attached to the crystal act like the plates in a capacitor. 
Therefore, the actual equivalent circuit of a crystal in its metal holder is 
as shown in Figure 7, 




Figure 6 



AC ELECTRICAL EQUIVALENT OF QUARTZ 




Figure 7 



CRYSTAL EQUIVALENT CIRCUIT 
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The synfcol is descriptive of the construction of a crystal: a piece of 
quartz between two metallic plates. The quartz must be held rigid so that 
it can vibrate and must have metallic electrodes attached so that voltage 
can be applied. 

A quartz crystal is shown mounted in a holder In Figure 5. 



QUARTZ CRYSTAL 

PI 



PLATED 
ELECTRODE 



SOLDER 
BLOB 




SUPPORT 
ROD 




Figure 5 
CRYSTAL MOUNTED IN HOLDER 
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This pattern Is shown In greater detail in Figure 9, 




fs fp 
FREQUENCY 

Figure 9 
CRYSTAL IMPEDANCE VS FREQUENCY 



As the frequency of the voltage applied to the crystal approaches its series 
resonant frquency (fs), the impedance of the crystal drops to a very low 
value* Then, as the generator frequency sweeps slightly higher, approaching 
the parallel resonant frequency (fp), the crystal's impedance increases 
sharply* At fp, the crystal exhibits the high impedance which characterizes 
resonant tank. 
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As the figure shows, the holder capacitance (Ch) appears In shunt with 
the crystal* The addition of this capacitance makes It possible for the 
crystal to operate at two distinct frequency points, or "modes*" The first 
of these, called the basic series resonant mode. Is the natural resonant 
frequency of the crystal* The second, called the parallel resonant inode (or 
ant1*resonant mode). Is caused by the holder capacitance being In horallol 
with the crystal* The paral ]el resonant mode occurs at a frequency slightly 
higher than that of the series of resonant mode* 

These two modes are the keys to understanding the operation of crystal 
osclllatcr circuits, which are designed to take advantage of either one 
mode or the othe \ A simple experiment on paper demonstrates how a crystal 
can act as either a series or parallel r^^sonant circuit* The set-up for 
the experiment Is shown in Figure 8* 




Figure 8 
XTAL TEST CIRCUIT 



This set-up consists of an RF sweep generator connected to a circuit In 
which a resistor has been placed in series with a crystal* As the generator 
frequency Is swept from a point below the crystal's natural resonant frequency 
to a point above 1t7 the oscilloscope displays the pattern as shown in the 
figure* 
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In order to better>xpla1n the operation of the Pierce oscillator, an 
equivalent version of the circuit Is shown in Figure 11. 
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ZlCc 
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Ql 



Figure 11 
PIERCE OSCILLATOR—AC EQUIVALENT 



The crystal, shown inside the dashed lines, operates In the parallel mode. 
CI and Cc are In parallel with the crystal, forming the capacltive voltage 
divider. CI Is a real capacitor. Cc represents the Internal capacity of 
Ql and the associated capacity between its collector and emitter. C^ Is a 
relatively small capacitance, usually less than one-tenth the value of CI. 
The reactance of C^ Is therefore usually about 10 times greater than that 
Of CI. - 

Because of the way the different values of CI And Cc are arranged in the 
circuit, this tapped capacitive divider Is abli to perform the very i^nportant 
impedance matching functton required In bipQlaT*{2 junction) transistor 
circuits. Study Figure 11 carefully. Just as in an LC tank circuit, the 
transistor's base^emitter and emmitter-col lector resistances will tend to 
reduce the high Q of the crystal. However, this action Is minimized by 
matching the low reactance of CI to the low base-emitter resistance, and 
matching the high reactance of Cc to the high emittpr-collector resistance. 
This impedance matching maintains the crystal's hfgh Q and stable operating 
frequency. 
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The first of two types of crystal oscillator circuits to t« presented in 
this lesson, the Pierce oscillator, is shown in Figure 10. 



+ Vcc 




C3 



m 

'OUTPUT 



Figure 10 
PIERCE XTAL OSCILLATOR 

The Pierce oscillator sliown is related to the very common Qolpitts type. A 
c^pacUWe SoUage di vider network across a tank coil is characteristic of 
this type of oscillator. ^ 



p - ... 



249 



Narrative 



+ VCC 




Thirty Two- 5 



>OUTPUT 



Figure 12 
PIERCE XTAL OSCILLATOR 



The circuit consists of a basic conimon-eniitter amplifier stage (Ql and 
related components Rl, R2, R3, C2 and C3) with added crystal oscillator 
components Yl, CI, and the radio frequency choke (RFC). A resistor could 
replace the RFC. However, the RFC's low DC resistance and high AC reactance 
cause l€\^ss crystal loading, and permit lower V^c values than would be 
possible with a resistor. ' ^ 

Rl tsnd 'R2 provide forward bias for Ql, while R3 and C2 provide emitter 
stat»il1zat1on.' C3 couples the sine w2ve oscillator signal to the next 
stage. CI, as shown above, provides the optimum- feedback voltage to the 
base of qi. , ^.-^ 

When power is applied, current flaws through Rl and R2 to V^c- The base 
of Ql becomes forward biased, altDwing current to flow through 01 from 
emitter to collector. Voltage stress across crystal Yl causes the crystal 
to vibrate, producino an AC voltage which is applied to the, base of Ql. 
This voltage is amplified and inverted 180*" by Ql.. This signal is then 
coupled though the crystal, with another 180*' phase shift, back to Ol's 
base. This action occurs at the parallel resonant frequency of the crystal. 

The result is a stable, high frequency output signal suitable for those 
applications where a signal with constant frequency and amplitude Is required. 
Several variations of this circuit exist. In one, a tuned tank is used as 
the collector load, replacing the RFC. Othbr variaticm^ include replacing 
the HPN transistor shown with a PNP type or with a field-effect transistor 
(FET). FETs are the subject of ^ later lesson. 
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The ratio of the capacUive reactances of CI to Cc also determines the 
ftTOunt of regenerative feedback applied to the crystal, via the base of Ql. 
Increasing the vaVje of CI, for example, would decrease its reactance, thus 
decreasing ine feenback voltage applied to Ql. The aiROunt of feedback 
reaching the crystal is, of course, a critical factor. Too little feedback 
results in weak or unstable oscillations, or even stalling. Too much 
feedback produces an unstable, distorted output and may overdrive the 
crystal, causing permanent damage. 



CrystciU are fragile devices which cannot be subjected to undue stress and 
strain, cl'^f.trical ly, the drive voltage and current must be kept to specified 
limits. Ph>^: iCtsl iy, care mu%L be taken in tfre handling of crystals. They 
should not be dropped or subjected to extreme temperatures. Also, to avoid 
possible internal damage, the crystal's leads should always be heat-sinked 
during s^jldering. 

Returning to the diagram of the Pierce crystal oscillator, the function of 
its components can now be discussed. Look at Figure 12. 



+ VCC 




Figure 12 
PIERCE XTAL OSCILLATOR 
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The Pierce oscillator utilizes the crystal's parallel, or an^i-resonant, 
mode. An example of a crystal oscillatrr circuit which utilizes the series 
mode of operation, the tickler coil (Armstrong) crystal osciMator, Is shov^n 
In Figure: 13. 



Yl 




Figure 13 
TICKLER COIL CRYSTAL OSCILLATOR 

This circuit consists of a basic tickler coil oscillator with a crystal 
inserted series with the feedback path. 



When power is applied, current flows through Rl to V^^ providing forward 
bias to Ql. This enables the transistor to conduct and the oscillator to 
start. Tank circuit Ll-Cl acts as the collector load and is tuned to the 
crystal's resonant frequency. L2 causes a ISO'' phase shift In the tank 
signal and couples a sm^tll amount of this RF energy to crystal Yl . The 
crystal operates as a sen esVesonant circuit to a single frequency {Its own 
natural^resonant frequency)^ which It passes without phase shift to the base 
of QIL nn this way, a total 360"* ph^se shift is achieved at the single 
frequency determined by Yl. Jh^s frequency becomes the operating frequency 
(fo) or^he oscillator. The crystal acts to filter out all frequencies 
exct:pt the desired oscillating freciuency. 

Frequency stability Is the primory characteristic of crystal oscillators.* 
Even so, the need to change or adjust the crystal's frequency sometimes 
exists. In some applications, exciting adjustments to the operating frequency 
are required. In other cases, aging can effect the crystal's shape and 
change its frequency slightly. Small adjustments to Its operating frequency, 
called "pulling the crystal," can be made by placing a variable reactances 
either in ^eries or In parallel with the crystal. This reactance may be 
inductive or capacitive, although commonly a small trimmer capacitor Is 
used, such as the one (C4) shown In Figure 14. 
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COMPLACENCY KILLS! 
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Figure 14 

PIERCE CRYSTAL OSCILLATOR WITH TRIMMER 



AT This POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE LESSON TEST. IF YOU INCORRECTLY 
ANSICR ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN PESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU 
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT 
AND USE ANOTHER WRITTEN MEDIUM OR INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN 
ANSWER ALL SELF- TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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